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Preface 


The fields of rhinology and sleep apnea surgery have 
rapidly advanced with new instrumentation and sur¬ 
gical techniques. Surgeons in these fields stay abreast 
by attending scientific meetings, by participating in 
hands-on laboratory workshops and by reading the 
literature. This surgical book fills the void of a single 
concise surgical-atlas-like book that contains precise 
description of the surgical techniques used in rhinol¬ 
ogy and sleep apnea surgery. We have invited interna¬ 
tionally recognized faculty with extensive experience 
to author the chapters. These authors share their wis¬ 
dom on each topic through diagrammatic and illus¬ 
trated chapters with the purpose of providing the ba¬ 
sis for the successful management of the surgical rhi- 
nologic and sleep apnea patient. 

The chapters are grouped into a rhinologic and a 
sleep apnea section and are arranged in a logical fash¬ 
ion so that the reader first learns basic techniques fol¬ 
lowed by more advanced and revision surgery. In ad¬ 
dition to the illustrated surgical descriptions, surgi¬ 
cal chapters contain information about the workup 
of the abnormality that is described followed by indi¬ 


cations of surgery and tips and pearls to avoid com¬ 
plications. All authors share their secrets that lead to 
successful and uncomplicated surgical outcomes. Al¬ 
most all surgical techniques in the field of rhinolo¬ 
gy and sleep apnea surgery are addressed, including 
the latest on balloon dilatation of sinus ostia or, more 
precisely, endoscopic balloon sinusotomy. 

In addition to illustrated surgical descriptions, the 
DVD version of the book contains video files of actu¬ 
al procedures performed by the authors. So the read¬ 
ers have a 360° learning experience by first reading 
the chapter text and visualizing the illustrations, and 
then reinforcing their learning experience by review¬ 
ing the actual video of the procedures. The result is a 
comprehensive volume of surgical information in the 
form of a 360° learning experience that can be used 
by all practicing and in-training otolaryngologists as 
a reference source and to augment their surgical ed¬ 
ucation. 

Stilianos E. Kountakis MD 
Metin Onerci MD 
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Chapter 1 


Radiologic Anatomy 
of the Paranasal Sinuses 

Ramon E. Figueroa 


Core Messages 


■ The complex interaction of multiple factors 
over time results in an endless combination 
of sinus anatomic variations. 

■ An intimate knowledge of sinus anatomy and 
a clear understanding of its physiology and 
anatomic variants are required for safe and 
effective sinus surgery. 

■ Rhinologists should evaluate each side of the 
face as a completely independent anatomic, 
functional and surgical entity. 

■ The frontal sinus drainage pathway is the 
most complex of all sinus outflow tracts. 

■ The agger nasi cells and the uncinate process 
dictate the floor and the pattern of drainage 
of the frontal recess. 

■ Familiarity with anatomic variants in the 
frontal recess is required for safe anterior 
skull base and frontal recess surgery. 

■ The olfactory fossa is frequently the lower¬ 
most point in the floor of the anterior crani¬ 
al fossa. 

■ The ostiomeatal complex is the common 
pathway of drainage of the anterior parana¬ 
sal sinuses. 

■ The ethmoid infundibulum is the key ele¬ 
ment to understand the anatomy and phys¬ 
iology of the ostiomeatal complex. 

■ The sphenoethmoid recess is the common 
pathway for mucociliary drainage from pos¬ 
terior ethmoid air cells and the sphenoid si- 

■ Onodi cells frequently have associated dehis¬ 
cence of the optic nerves and are a surgical 
danger zone as a potential site for iatrogenic 
endoscopic optic nerve injury or intracrani¬ 
al penetration. 
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Introduction 


The anatomy of the paranasal sinuses is complex and 
variable, changing from patient to patient, and even 
from side to side in the same patient. This complexity 
results from the variable patterns of sinus ventilation 
and drainage dictated by independent sinus develop¬ 
ment. Sinus ventilation and drainage determines in¬ 
trasinus mucociliary health, which also determines 
the efficiency of sinus growth and pneumatization. 
The final individual sinus configuration is addition¬ 
ally influenced by the evolving growth of neighboring 
sinuses, competing for space as they pneumatize the 
facial bones and skull base, also in competition with 
erupting teeth in the maxilla and the ever-constant 
intracranial pressure gradients along the skull base. 
The complex interaction of all these factors over time 
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dictates an endless combination of anatomic varia¬ 
tions that force the rhinologist to evaluate each side of 
the face as a completely independent anatomic, func¬ 
tional and surgical entity. 

Recent significant advances in computed tomog¬ 
raphy (CT), especially the introduction of multide¬ 
tector helical scanning and the routine availability of 
computer workstations, have made demonstration of 
this complex anatomy easier and more useful to rhi- 
nologic surgical planning. This improvement in im¬ 
aging clarity and multiplanar demonstration of sinus 
complex anatomy is now of even more clinical rele¬ 
vance in view of the extensive developments in pow¬ 
ered instruments, better endoscopic devices and sur¬ 
gical navigation with CT cross-registration. 


Functional Concept: 


The sinonasal embryologic development during the 
first trimester is characterized by the emergence of 
more than six ethmoturbinals, which progressive¬ 
ly coalesce and differentiate into the final anatomy of 
the lateral nasal wall [9]. 

The ethmoturbinals give rise to the following 
structures: 


The most superior remnant of the first ethmo- 
turbinal becomes the agger nasi mound. 

The remnant of the descending portion of 
the first ethmoturbinal becomes the uncinate 
process. 

The basal lamella of the second ethmoturbinal 
pneumatizes and gives rise to the bulla ethmo- 
idalis. 

The basal lamella of the third ethmoturbinal 
becomes the basal lamella of the middle tur¬ 
binate. 


The nasal mucosa invaginates at specific points in the 
lateral nasal wall forming nasal pits that develop into 
the anlages of maxillary, frontal sinuses and ethmoid 
cells [2], The mesenchyme resorbs around the invag¬ 
ination of the nasal pits, allowing progressive devel¬ 
opment of the sinus cavity. The embryologic point at 
which the initial invagination occurs becomes the fu¬ 
ture sinus ostium. Cilia develop and orient towards 
this ostium, allowing mucus to flow towards and 
through the ostium. The efficiency of the mucociliary 
drainage is then dictated and impacted by the paten¬ 
cy, tortuosity and/or frank narrowing of the result¬ 
ing drainage pathways, which are progressively mod¬ 
ified by the sequential ongoing pneumatization pro¬ 
cess occurring during the patient’s life. Typically the 
ethmoid cells and the maxillary antra are pneuma¬ 


tized at birth, with the maxillary antra progressive¬ 
ly expanding into mature sinuses as the maxilla ma¬ 
tures and the teeth erupt. The frontal sinus develops 
and expands in late childhood to early adolescence, 
and continues to grow into adulthood. The rate of si¬ 
nus growth is modified by the efficiency of ventila¬ 
tion and mucociliary drainage dictated by the paten¬ 
cy of the sinus ostium and the corresponding drain¬ 
age pathways. The frontal sinus drainage pathway is 
the most complex of all sinus outflow tracts, impacted 
by its anatomic relationships with the agger nasi, an¬ 
terior ethmoid cells and pattern of vertical insertion 
of the uncinate process [3, 4], The frontal sinus muco¬ 
ciliary output joins the outflow from the anterior eth¬ 
moid and maxillary sinuses at the ostiomeatal com¬ 
plex, with the mucociliary transport continuing pos¬ 
teriorly over the attachment of the inferior turbinate, 
through the choanna and towards the nasopharynx 
anterior to the torus tubarius. Similarly, the muco¬ 
ciliary transport output of the posterior ethmoid and 
sphenoid sinuses emerges into the sphenoethmoid re¬ 
cess at the level of the superior meatus to be trans¬ 
ported downwards towards the nasopharynx posteri¬ 
or to the torus tubarius. 


Sinus Imaging Evaluation 


The evaluation of the paranasal sinuses for function¬ 
al endoscopic sinus surgery is traditionally performed 
with continuous coronal and axial 3-mm CT slices to 
provide orthogonal sinus anatomy planes [6, 7]. Re¬ 
cent CT scanner advances with the introduction of 
multidetector helical designs and faster computers 
with larger processing capacities now allow single¬ 
plane thin-section high-resolution databases to be ac¬ 
quired and postprocessed to depict the sinus anato¬ 
my in any planar projection, with high definition of 
the underlying anatomy. This multiplanar capability 
has mostly impacted the evaluation of all sinus drain¬ 
age pathways, since perpendicular reconstructions of 
the frontal recess, ostiomeatal complex and spheno¬ 
ethmoid recess can now be easily obtained from a sin¬ 
gle-plane image acquisition. 

Typical high-resolution multidetector scanning is 
performed in the axial plane (Fig. 1.1a) following the 
long axis of the hard palate, using low milliampere 
technique, a small field of view (18-20 cm) and 1.25- 
mm collimation, with data back-processed in 0.65- 
mm thickness in a bone algorithm and displayed in 
mucosal (window of 2,000, level of -200) and bone 
(3,500/800) detail. Most centers use this pattern of 
data acquisition for three-dimensional computer- 
assisted surgical navigation. Interactive processing 
and evaluation of the data is then performed on the 
CT workstation to define a coronal plane perpendic- 
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Fig. 1.1. High-resolution si¬ 
nus navigation CT protocol, 
a Lateral scout view show¬ 
ing the typical prescription 
of axial thin-section slices, 
b An axial image at the level 
of the nasal cavity helps pre¬ 
scribe the coronal reformat¬ 
ted images, c The sagittal 
reformatted images are 
more accurately prescribed 
from the coronal reformat¬ 
ted images 



ular to the hard palate for the ostiomeatal complex 
(Fig. 1.1b) and a sagittal plane perpendicular to the 
hard palate for the frontal recess (Fig. 1.1c). The ax¬ 
ial plane perpendicular to the rostrum of the sphe¬ 
noid sinus allows for adequate evaluation of the sphe- 
noethmoid recess. 


Frontal Sinus Drainage Pathway 


The frontal sinus grows and expands within the di¬ 
ploic space of the frontal bone from the frontal sinus 
ostium medial and superior to the orbital plates, en¬ 
closed anteriorly by the cortical bone of the anterior 
frontal sinus wall and posteriorly by the cortical bone 
of the skull base and the posterior frontal sinus wall 
(which is also the anterior wall of the anterior cranial 
fossa). Each frontal sinus grows independently, with 
its rate of growth, final volume and configuration dic¬ 
tated by its ventilation, drainage and the correspond¬ 
ing growth (or lack of it) of the competing surround¬ 
ing sinuses and skull base. 


Frontal Sinus Ostium 


The frontal sinus narrows down inferiorly and me¬ 
dially into a funnel-shaped transition point, which is 
defined as the frontal sinus ostium (Fig. 1.2a-c), ex¬ 
tending between the anterior and posterior frontal si¬ 
nus walls at the skull base level. This point is typical¬ 
ly demarcated along its anterior wall by the variably 
shaped bone ridge of the nasofrontal buttress, fre¬ 
quently called the “nasal beak” (Fig. 1.2d). The fron¬ 
tal sinus ostium is oriented nearly perpendicular to 
the posterior wall of the sinus at the level of the ante¬ 
rior skull base [3]. 


Anterior Ethmoid Artery 


The anterior ethmoid artery is a terminal branch of 
the ophthalmic artery that crosses the lamina papy- 
racea along the posterior wall of the frontal recess to 
supply the dura of the olfactory fossa and the anterior 
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Fig. 1.2. The frontal sinus ostium: sagittal sequential refor¬ 
matted images from midline to lateral showing the many im¬ 
portant anatomic landmarks. Axial (a), coronal (b) and sag¬ 
ittal (c) images at the level of the frontal sinus ( FS ) illustrate 
the frontal sinus ostium. Asterisks ethmoid infundibulum, AE 
anterior ethmoid, AN agger nasi cells, BE bulla ethmoidalis, 
BL basal lamella of the middle turbinate (/Iff), IT inferior tur¬ 
binate, NB nasal beak, PE posterior ethmoid, UP uncinate pro¬ 
cess, SER sphenoethmoid recess, SS sphenoid sinus 


The agger nasi cells and the uncinate process dictate 
the floor and the pattern of drainage of the frontal 
recess. The frontal recess can be narrowed from an¬ 
terior-inferior direction by hyperpneumatized agger 
nasi cells. Furthermore, the frontal recess inferior 
drainage is dictated by the insertion of the vertical 
attachment of the uncinate process, a sagittally ori¬ 
ented hooklike bony leaflet (Fig. 1.4a). Whenever the 
uncinate process attaches to the skull base or the su¬ 
perior-anterior portion of the middle turbinate, the 
frontal recess will drain directly into the superior 
end of the ethmoid infundibulum (Fig. 1.4b). If the 
uncinate process attaches laterally into the lamina 
papyracea of the orbit, the frontal recess will open 
directly into the superior aspect of the middle me¬ 
atus and the ethmoid infundibulum will end blindly 
into the recessus terminalis. 


falx cerebri. It is a constant vascular landmark of the 
posterior wall of the frontal recess, crossing through 
the anterior ethmoid canal, which can be frequently 
dehiscent, posing a risk of vascular injury when ex¬ 
ploration of the frontal recess is surgically necessary 
(Fig. 1.3b). 


The Anatomic Terminology Group defined the fron¬ 
tal recess as “the most anterior and superior part of 
the anterior ethmoid complex from where the fron¬ 
tal bone becomes pneumatized, resulting in a frontal 
sinus” [9]. The frontal recess frequently looks like an 
inverted funnel (Fig. 1.3a) on sagittal images, open¬ 
ing superiorly towards the frontal sinus ostium, with 
its anatomic boundary dictated by the walls of sur¬ 
rounding structures. 

The boundaries of the frontal recess are as fol¬ 
lows: 


The lateral wall of the frontal recess is defined 
by the lamina papyracea of the orbit. 

The medial wall is defined by the vertical 
attachment of the middle turbinate (its most 
anterior and superior part). 

Its posterior wall is variable, depending on the 
basal lamella of the bulla ethmoidalis reaching 
(or not) the skull base, or if it is dehiscent al¬ 
lowing communication with the suprabullar 
recess, or if it is hyperpneumatized anteriorly, 
producing a secondary narrowing of the fron 
tal recess from forward deformity of its poste¬ 
rior wall [2], 


Frontal Recess, Agger Nasi 
and Uncinate Process 
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Fig. 1.3. The frontal recess, a Sagittal reformatted image at 
the frontal recess showing the frontal sinus ostium as a funnel 
shaped outflow tract (dashed line), b Coronal image showing 


the right anterior ethmoid artery ( AEA ) coursing through its 
bony canal (long arrow). The left anterior ethmoid artery is de¬ 
hiscent (short arrow) just below the frontal recess 



Fig. 1.4. The uncinate process. In the sagittal image (a) the un¬ 
cinate process ( asterisks ) is shown as a curved bony projection 
that extends towards the frontal recess. It defines the anterior 
margin of the ethmoid infundibulum. The bulla ethmoidalis 
(BE) defines the posterior wall of the ethmoid infundibulum. 
In the coronal image (b) the left uncinate process attaches to 


Ethmoid Infundibulum 

The ethmoid infundibulum is a true three-dimen¬ 
sional space and is defined (Fig. 1.5a): 


Laterally by the lamina papyracea 
Anteromedially by the uncinate process 
Posteriorly by the bulla ethmoidalis 


the lamina papyracea (arrow), with the frontal recess (FR) 
opening directly to the middle meatus, and the left ethmoid 
infundibulum ending in a blind end or “terminal recess” (TR). 
The right uncinate process attaches to the skull base (dotted 
line), with the right frontal recess emptying into the right eth¬ 
moidal infundibulum 


It opens medially into the middle meatus across the 
hiatus semilunaris inferioris, a clefflike opening be¬ 
tween the free posterior margin of the uncinate pro¬ 
cess and the corresponding anterior face of the bul¬ 
la ethmoidalis (Fig. 1.5b). This is the functional com¬ 
mon pathway of mucociliary drainage for the anterior 
ethmoid, agger nasi and maxillary sinus mucus. The 
frontal sinus mucus also drains in this direction when 
the frontal recess opens to the top of the ethmoid in¬ 
fundibulum. 
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Pig. 1.5. The ostiomeatal complex. Notice on the sagittal image 
a) the cleftlike ethmoid infundibulum (dotted line), bordered 
anteriorly by a pneumatized agger nasi cell (AN) and posteri¬ 
orly by the bulla ethmoidalis (BE). The middle turbinate (MT) 
is seen below. In the coronal image (b) the ethmoid infundibu- 

lum (dotted line) lies between the uncinate process(UP) and 
the bulla ethmoidalis (BE), opening into the middle meatus 
across the hiatus semilunaris inferior (asterisks). Notice the 
deep olfactory fossa (Keros type III) 

Anatomic Variants of the Frontal Recess 

1 

within a sinus,” frequently difficult to visualize 



owing to its thin walls (Fig. 1.6c). 

Several important anatomic variants impact on the 
anatomy of the frontal recess and the anterior skull 
base. Familiarity with these anatomic variants is re¬ 
quired for safe anterior skull base and frontal recess 
surgical considerations. 

All frontal cells can be clinically significant if they be¬ 
come primarily infected or if they stenose the frontal 
sinus ostium, leading to mucus recirculation and sec¬ 
ondary frontal sinusitis. 

Frontal Cells 


Supraorbital Ethmoid Cells 

The frontal cells are uncommon anatomic variants of 
anterior ethmoid pneumatization that impinge upon 
the frontal recess and typically extend within the lu¬ 
men of the frontal sinus ostium above the level of the 
agger nasi cells (Fig. 1.6). 

The different types of frontal cells as described by 
Bent are as follows [1,9]: 

This is when the anterior ethmoid sinus pneumatiz¬ 
es the orbital plate of the frontal bone posterior to the 
frontal recess and lateral to the frontal sinus (Fig. 1.7), 
frequently developing from the suprabullar recess [2], 
The degree of pneumatization of the supraorbital eth¬ 
moid cells can reach the anterior margin of the orbital 
plate and mimic a frontal sinus. We can best trace the 
supraorbital ethmoid cell towards the anterior eth¬ 

Type I frontal cells are described as a single 
frontal recess cell above the agger nasi cell 
(Fig. 1.6a). 

Type II frontal cells are a tier of cells above the 
agger nasi cell, projecting within the frontal 


moid sinus on axial CT images, which allows us to 
recognize this variant better 


Depth of Olfactory Fossa 

recess. 

A type III frontal cell is defined as a single 
massive cell arising above the agger nasi, 
pneumatizing cephalad into the frontal sinus 
(Fig. 1.6b). 

■ A type IV frontal cell is a single isolated cell 
within the frontal sinus acting as a “sinus 

The orbital plate of the frontal bone slopes down¬ 
wards medially to constitute the roof of the ethmoid 
labyrinth (foveola ethmoidalis), ending medially at 
the lateral border of the olfactory fossa (Fig. 1.8). This 
configuration makes the olfactory fossa the lower¬ 
most point in the floor of the anterior cranial fossa, 
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Fig. 1.6. Frontal cells. Frontal cells are rare air cells above the 
agger nasi ( AN) that impinge upon the frontal recess and fron¬ 
tal sinus. Type I is a single cell above the agger nasi, while type 
II is a tier arrangement above the agger nasi (a). Type III is a 
single large frontal cell projecting into the frontal sinus lumen 
(b). Type IV is a large cell completely contained in the frontal 
sinus (“sinus within a sinus”) (c) 
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frequently projecting between the pneumatized air 
cells of both ethmoid labyrinths [9], The depth of the 
olfactory fossa into the nasal cavity is dictated by the 
height of the lateral lamella of the cribriform plate, 
a very thin sagittally oriented bone, continuous with 
the vertical attachment of the middle turbinate, de¬ 
fining the lateral wall of the olfactory fossa. 

Keros [5] described the anatomic variations of the 
ethmoid roof and the olfactory fossa, classifying it in 
three surgically important types: 

1. Type I has a short lateral lamella, resulting in a 
shallow olfactory fossa of only 1-3 mm in depth in 
relation to the medial end of the ethmoid roof. 

2. Type II has a longer lateral lamella, resulting in an 
olfactory fossa depth of 4-7 mm. 

3. Type III has a much longer lateral lamella (8-16 
mm), with the cribriform plate projecting deep 
within the nasal cavity well below the roof of the 
ethmoid labyrinth. 

The type III configuration represents a high-risk area 
for lateral lamella iatrogenic surgical perforation in 
ethmoid endoscopic surgical procedures. Occasion¬ 
ally there may be asymmetric depth of the olfactory 
fossa from side to side, which must be recognized and 
considered prior to surgery. 


Ostiomeatal Compl< 


The ostiomeatal complex is the common pathway of 
drainage of the anterior paranasal sinuses, acting as 
the functional unit that controls and modulates the 
mucociliary drainage from the frontal sinus, anterior 
ethmoid sinus and maxillary sinus. 

The ostiomeatal complex comprises a combination 
of structures: 


Uncinate process 
Ethmoid bulla 
Middle turbinate 

Spaces between these structures (ethmoid 
infundibulum, hiatus semilunaris and middle 
meatus) (Fig. 1.5). 


The efficiency of drainage is dictated by the paten¬ 
cy or closure of these spaces in response to the nasal 
cycle of alternating phases of mucosal engorgement 
and mucosal thinning, typically on cycles of 4-6 h. 
Whenever the ostiomeatal complex spaces are fur¬ 
ther narrowed by anatomic variants, mucosal pol¬ 
yps, inflamed mucosa, scars or synechiae, the re¬ 
sulting decreased drainage capacity of the system 
will result in backpressure accumulation of mucous 
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Fig 1.7. Supraorbital ethmoid cells. In the 
sequential axial images the supraorbital 
ethmoid cells ( SOE ) expand and pneu¬ 
matize anteriorly the orbital plate of the 
frontal bone, not to be confused with the 
frontal sinus (FS) 


secretions within the corresponding sinus spaces, 
increasing the likelihood of secondary bacterial col¬ 
onization of the previously sterile sinus secretions 
by backflow of nasal cavity bacteria into the obstruct¬ 
ed sinus spaces. 


Structures and Spaces 

The ethmoid infundibulum is the key element to un¬ 
derstand the anatomy and physiology of the ostiome- 


atal complex (Fig. 1.5a). The ethmoid infundibulum is 
a sickle-shaped sagittally oriented three-dimensional 
space extending from the agger nasi/frontal recess re¬ 
gion towards the middle meatus, running downwards 
and posteriorly between the lamina papyracea of the 
ipsilateral orbit laterally and the uncinate process me¬ 
dially. This resulting V-shaped drainage channel col¬ 
lects the mucociliary output of the frontal sinus, agger 
nasi cells, anterior ethmoid cells and maxillary sinus. 
The maxillary sinus mucous secretions are transport¬ 
ed by mucociliary clearance towards its natural osti¬ 
um, located along the superior aspect of the maxil- 
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Fig. 1.8. Depth of the olfactory fossa. The length of the 
lateral lamella of the cribriform plate determines the depth 
of the olfactory fossa (arrows), categorized by Keros in type I 


(a 1-3-mm deep), type II (b 4-7-mm deep) and type III 
(c 8-16-mm deep) 


lary sinus medial wall, opening into the junction of 
the middle and posterior third of the ethmoid infun¬ 
dibulum, which in turn opens medially into the mid¬ 
dle meatus to direct the mucociliary transport secre¬ 
tions towards the choanna and nasopharynx. 

The space connecting the ethmoid infundibulum and 
the middle meatus is the hiatus semilunaris inferioris, a 
two-dimensional cleft between the free edge of the unci¬ 
nate process and the leading anterior ethmoid air cell in 
the middle meatus, the ethmoid bulla (Fig. 1.5b). 

The uncinate process projects from the maxilla, eas¬ 
ily recognized as a bony leaflet oriented upwards from 
the base of the inferior turbinate and the posterior 
margin of the nasolacrimal duct bony buttress. Its free 
edge defines the hiatus semilunaris inferioris and con¬ 
stitutes the medial wall of the ethmoid infundibulum. 

The ethmoid bulla is the dominant ethmoid air 
cell projecting into the middle meatus, arising me¬ 
dially from the lamina papyracea of the orbit. Its at¬ 
tachment or bulla lamella can insert upwards into the 
skull base and the undersurface of the basal lamel¬ 
la of the middle turbinate, or into the lamina papy¬ 
racea laterally. When it attaches to the lamina pap¬ 
yracea, the ethmoid bulla will create a narrow space 
between its roof and the basal lamella of the middle 
turbinate, recognized as the sinus lateralis, which can 
on occasion extend superiorly towards the frontal re¬ 
cess above the roof of the ethmoid bulla. The open¬ 
ing of the sinus lateralis towards the middle meatus is 
known as the hiatus semilunaris superioris. 

The middle turbinate is a process of the ethmoid 
bone that defines the functional space of the middle 
meatus underneath it. Its basal lamella is attached 
vertically in the sagittal plane into the lateral lamella 
of the cribriform plate (Fig. 1.9). It continues posteri¬ 
orly in a coronal orientation along the lamina papyra¬ 


cea and ends in an axial plane along the lateral nasal 
wall towards the choanna. This three-planar pattern 
of attachment is of paramount importance for the 
stability of the middle turbinate. This is most obvi¬ 
ous after endoscopic surgical procedures, since sur¬ 
gical fracture of any of these planar attachments in¬ 
creases the likelihood of turbinate lateralization and 
secondary ostiomeatal complex postsurgical scarring 
and obstruction. In addition, the basal lamella of the 
middle turbinate represents the anatomic, embryo- 
logic and functional boundary between the anterior 
and posterior ethmoid sinuses. Any sinus spaces an¬ 
terior to the basal lamella of the middle turbinate will 
drain towards the ostiomeatal complex, while any si¬ 
nus spaces posterior to this structure will drain to¬ 
wards the sphenoethmoid recess. 


Anatomic Variants 

of the Ostiomeatal Complex 


Paradoxical middle turbinate: inverted config¬ 
uration of the middle turbinate, which curves 
towards the lateral nasal wall at the level of 
the ostiomeatal complex. It decreases the cali¬ 
ber of the middle meatus and may impair mu¬ 
cociliary drainage (Fig. 1.10a). 

Concha bullosa: pneumatization of the middle 
turbinate from its vertical attachment to its 
bulbous portion. By decreasing middle meatal 
caliber, it may become an obstructing lesion 
on the active phase of the nasal cycle. It may 
pneumatize from the anterior or the posterior 
ethmoid air cells (Fig. 1.10b). 
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Fig. 1.9. Middle turbinate anatomy. The sagittal image (a) 
shows the complex deformity of the basal lamella of the middle 
turbinate ( asterisks ) deflected by the asymmetric competing 
growth of the anterior and posterior ethmoid cells. Sequential 


coronal images show the basal lamella of the middle turbinate 
in the sagittal plane (b) at the olfactory fossa, the coronal plane 
(c) at the lamina papyracea and the axial plane (d) at the pos¬ 
terior nasal cavity 


Sphenoethmoid Recess 


Structures and Spaces 

The sphenoethmoid recess is a vertically oriented pos¬ 
terior nasal cavity-nasopharynx channel defined an¬ 
teriorly by the posterior border of the superior turbi¬ 
nate and posteriorly by the anterior wall of the sphe¬ 
noid sinus (Fig. 1.11a). It is easily recognizable on axial 
images as a narrow space between the posterior nasal 
septum medially and the superior turbinate laterally, 
right in front of the anterior wall of the sphenoid si¬ 
nus and its natural ostium (Fig. 1.11b). It is the com¬ 
mon pathway for mucociliary drainage from posteri¬ 
or ethmoid air cells and the sphenoid sinus. 


Pneumatized uncinate process: may decrease 
the hiatus semilunaris caliber (Fig. 1.10c). 
Posterior fontanelle: occasional defect in the 
lateral nasal wall behind the ethmoid infun¬ 
dibulum that freely communicates the maxil¬ 
lary sinus and the middle meatus (Fig. l.lOd). 
No mucociliary transit occurs through this 
space. Its presence must be recognized to avoid 
confusing it with the natural ostium of 
the maxillary sinus, which can result in failed 
middle meatal antrostomy. 
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Fig. 1.10. Ana¬ 
tomic variants of the 
ostiomeatal complex, 
a Bilateral paradoxi¬ 
cal turn of the middle 
turbinates (dots), b A 
typical pneumatized 
middle turbinate or 
concha bullosa ( CB ). 
Notice the uncinec- 
tomy at the natural 
ostium of the right 
maxillary sinus (MS), 
c Bilateral pneuma¬ 
tized uncinate pro¬ 
cesses (asterisks). 
d A wide right maxil¬ 
lary sinus posterior 
fontanelle (arrow), 
which may mimic 
a maxillary sinus 
ostium by endoscopy. 
CB concha bullosa, MS 
maxillary sinus 



Fig. 1.11. Sphenoethmoid recess, 
a The vertical orientation of the sphe¬ 
noethmoid recess on sagittal images 
(asterisks), b The diverging orienta¬ 
tion of each sphenoethmoid recess 
(asterisks) as each gets closer to the 
corresponding sphenoid sinus ostium 
(arrow) 



Posterior Ethmoid Sinus 

The posterior ethmoid air cells comprise all the eth¬ 
moid sinus spaces that lie posterosuperior to the bas¬ 
al lamella of the middle turbinate, draining through 
the superior meatus into the sphenoethmoid recess 


(Fig. 1.11b). The posterior ethmoid sinus comprises a 
variable number of air cells, typically fewer in num¬ 
ber and larger in size than the anterior ethmoid sinus 
cells. It is typically pneumatized at birth. 
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Fig. 1.12. Anatomic variants of the sphenoethmoid recess, 
a The expanded posterior ethmoid pneumatization constitut¬ 
ing bilateral Onodi cells (OC), extending to the border of the 
optic nerves (arrows), b Coronal image showing the classic 
“two-story” appearance of the Onodi cells riding on top of the 
sphenoid sinuses (SS). c Axial image illustrating a dehiscent 


Sphenoid Sinus 

The sphenoid sinus develops from the sphenoeth¬ 
moid recess as a small air cell that progressively 
pneumatizes the body of the sphenoid bone, grow¬ 
ing continuously from childhood to adulthood. Its 
pneumatization volume, configuration and position 
of the inter sinus septum are dynamically dictated by 
its ventilation, drainage and competition for space 
with its contralateral sphenoid sinus. This dynamic 
competition dictates the extreme variability in sphe¬ 
noid sinus configuration experienced clinically (Fig. 
1.11b). 


left internal carotid artery (arrow) in the left sphenoid sinus, 
d Coronal image showing bilateral pterygoid recesses (PR) 
from the sphenoid sinuses defined lateral to a line between the 
foramen rotundum and the vidian canal (asterisks). Notice a 
dehiscent left optic nerve in the pneumatized left clinoid pro- 


Anatomic Variants 

of the Sphenoethmoid Recess Region 


Onodi cells are hyperpneumatized posterior 
ethmoid air cells that grow posteriorly on the 
planum sphenoidale above the sphenoid 
sinuses, typically towards the clinoid process¬ 
es. Onodi cells frequently have associated de¬ 
hiscence of the optic nerves whenever the cli¬ 
noid process is pneumatized. It is a surgical 
danger zone as a potential site for iatrogenic 
endoscopic optic nerve injury or intracranial 
penetration (Fig. 1.12a, b). 

Dehiscent internal carotid arteries can occur 
whenever there is hyperpneumatization of the 
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sphenoid sinus, with the dehiscent internal ca¬ 
rotid artery projecting suhmucosally along the 
lateral superior border of the posterior wall of 
the sphenoid sinus (Fig. 1.12c). 

The pterygoid recess of the sphenoid sinus is 
defined by the sphenoid sinus pneumatiza- 
tion laterally into the pterygoid plate across a 
virtual line defined between the vidian canal 
and the foramen rotundum (Fig. 1.12d). 


The paranasal sinus drainage pathways and their 
surrounding structures must be evaluated in an 
integrated fashion, emphasizing the interrelation 
between sinus anatomy and function. The dy¬ 
namic competition of each aerated sinus space 
with the neighboring sinuses and anatomic struc¬ 
tures dictates its high variability and complexity, 
requiring detailed CT examinations to map the 
anatomy and determine targets for functional 
surgery prior to any surgical intervention. An in¬ 
timate knowledge of its anatomy and a clear un¬ 
derstanding of its physiology and anatomic vari¬ 
ants are required for safe and effective surgical 
management of paranasal sinus drainage path¬ 
way problems. 
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Surgical Anatomy 
of the Paranasal Sinuses 
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Core Messages 


There are learned anatomical landmarks that 
can help surgeons perform safe endoscopic 
sinus surgery. 

All sinuses are lined by a respiratory pseu- 
dostratified epithelium, which is directly at¬ 
tached to bone and is referred to as mucoperi- 
osteum The middle meatus is the area that is 
most commonly involved in the pathophysi¬ 
ology of chronic rhinosinusitis. 

The sphenoethmoid recess drains the poste¬ 
rior ethmoid and sphenoid sinuses and is re¬ 
ferred to as the “posterior ostiomeatal com¬ 
plex. 

The tail of the superior turbinate constitutes a 
very important surgical landmark in the sphe¬ 
noethmoid recess as it points medially toward 
the natural ostium of the sphenoid sinus. 

Removing the uncinate process is the first 
step of most endoscopic sinus surgeries. 

The posterior fontanelle can have an opening 
to the maxillary sinus, the accessory ostium, 
that could be mistaken for the natural osti¬ 
um during surgery if an incomplete uncinec- 
tomy is performed. 

The most common anatomical variation in 
the maxillary sinus is the infraorbital eth¬ 
moid cell or Haller cell. 

During endoscopic sinus surgery, supraorbit¬ 
al ethmoid cells can be mistaken for the fron¬ 
tal sinus by inexperienced surgeons. 

The sphenoethmoid (or Onodi) cell is inti¬ 
mately related to the optic nerve. 

Many factors contribute to make the fron¬ 
tal sinus infundibulum one of the most chal¬ 
lenging areas to access in endoscopic sinus 
surgery. 
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Introduction 


Understanding the anatomy of the paranasal sinus¬ 
es is probably the most important prerequisite for 
endoscopic sinus surgery (ESS). As a matter of fact, 
most feared complications of ESS are the result of an 
uncontrolled maneuvering beyond the boundaries 
of the sinuses, mainly into the orbit or through the 
base of the skull. Even with the most experienced sur¬ 
geons, these complications are still encountered, fa¬ 
cilitated by some preexisting anatomical variants or 
pathological modifications caused by the underly¬ 
ing disease. Many constant landmarks have been de¬ 
scribed by different authors since ESS was first intro¬ 
duced in the late 1970s. These anatomical landmarks 
let beginners achieve a good spatial orientation when 
navigating within the sinuses, and help them per¬ 
form the most complete sinus surgery while minimiz¬ 
ing the risk to the patient. However, there is a defi¬ 
nite learning curve that can make one divide ESS into 
increasing levels of difficulty in surgical skills, start¬ 
ing with the simple nasal endoscopy and ending with 
the most advanced frontal sinus procedures. In addi¬ 
tion to the understanding of the anatomy, a thorough 
knowledge of the embryology, pathology and imaging 
of the sinuses is also very important for a comprehen¬ 
sive management of sinuses problems, but these top¬ 
ics are beyond the scope of this chapter. 















18 


Zoukaa B. Sargi, Roy R. Casiano 


Introduction to the Anatomy 
of the Paranasal Sinuses 


The literature on the anatomy and physiology of the 
sinuses extends back to Galen (AD 130-201) who 
referred to the “porosity” of the bones of the head. 
Leonardo Da Vinci (1452-1519), whose classical sec¬ 
tions of the head illustrate the maxillary antrum and 
the frontal sinus, apparently recognized the existence 
of these cavities as separate functional entities. He re¬ 
ferred to the maxillary sinus as “the cavity of the bone 
which supports the cheek.” Highmore (1651) was the 
first to give a detailed description of the maxillary 
antrum (antrum of Highmore) [2], However, it was 
only in the late nineteenth century that the first de¬ 
tailed and systematic anatomical and pathological de¬ 
scriptions of the paranasal sinuses were published by 
Zuckerkandl. These descriptions became even more 
valuable as they could be applied directly to patients 
and their problems. The invention of the X-ray tech¬ 
nique did not add much to the anatomical knowledge 
of the sinuses, and computed tomography (CT), avail¬ 
able since the mid-1970s, made again the relationship 
between the largest sinuses and the ethmoids very 
clear, applying the knowledge that had been devel¬ 
oped more that 100 years ago. Comparisons of CT 
with the drawings of Onodi, Grunwald and Zucker¬ 
kandl demonstrate the incredible accuracy of these 
pioneers’ knowledge [17]. 

The paranasal sinuses form a complex unit of four 
paired air-filled cavities at the entrance of the upper 
airway. They start developing from ridges and furrows 
in the lateral nasal wall as early as the eighth week of 
embryogenesis, and they continue their pneumatiza- 
tion until early adulthood [4], Each one is named af¬ 
ter the skull bone in which it is located [8, 19]. How¬ 
ever, during the development of a sinus, pneumatiza- 
tion may involve adjacent bones, as is the case for the 
ethmoid sinus developing into the frontal, maxillary 
or sphenoid bone, and for the maxillary sinus extend¬ 
ing into the zygomatic bone. 

All sinuses are lined by a respiratory pseudostrat- 
ified epithelium, composed of four major types of 
cells: 

1. Ciliated columnar cells 

2. Nonciliated columnar cells 

3. Goblet type mucous cells 

4. Basal cells 

This mucosa is directly attached to bone and is re¬ 
ferred to as mucoperiosteum. Although it is some¬ 
what thinner, the mucoperiosteum of the sinuses is 
continuous with that of the nasal cavity through the 
various ostia of the sinuses [8]. The ostium is a nat¬ 
ural opening through which the sinus cavity drains 


into the airway, either directly into the nasal cavi¬ 
ty (i.e., sphenoid ostium), or indirectly by means of 
more complex anatomical structures (i.e., frontal re¬ 
cess). The most important progress offered by the con¬ 
cept of functional ESS compared with older surgical 
approaches to the paranasal sinuses is the acknowl¬ 
edgement of the essential role of the sinus ostia and 
mucosa in the surgical management of inflammatory 
disease of the paranasal sinuses. By achieving an ade¬ 
quate drainage around the natural ostium, the muco¬ 
sal disease and subsequent symptoms could become 
reversible in many cases. 


The Nasal Cavity 


The nasal cavity is the first cavity encountered by the 
surgeon during ESS. Its lateral and posterior-superi¬ 
or walls contain the openings for the paranasal sinus¬ 
es, and its posterior-inferior wall leads to the naso¬ 
pharynx through the choana. The identification of the 
choana and its relations to the posterior nasal septum 
and the eustachian tube opening (torus tubarius) in 
the nasopharynx is very important at the beginning 
of every ESS (Fig. 2.1). When polyps obstruct the na¬ 
sal airway in its inferomedial part, reestablishing the 
patency of the nasal cavity should be performed first 
to allow for a good visualization of the choana at any 
time and provide a drainage route for the blood into 
the nasopharynx [5]. 

The turbinates, or conchae, are constant ridges of 
the lateral nasal wall. The inferior turbinate is a sep¬ 
arate structure deriving embryologically from the 
maxilloturbinal. It inserts anteriorly on the maxilla 
and posteriorly on the palatine bone. The other tur¬ 
binates, also called ethmoid turbinates, develop from 
the ethmoturbinals into a common structure or con- 
chal lamina described by Mouret in 1922. This bony 
plate is attached all along the junction between the 
ethmoid roof and the cribriform plate. All the eth¬ 
moid turbinates originate from this bony lamina: one 
middle turbinate and one superior turbinate that are 
constant, and occasionally a supreme turbinate [3], 

The lateral part of the nasal cavity is thus subdivid¬ 
ed by the turbinates into four meati (Fig. 2.2). The in¬ 
ferior meatus is the space between the lateral side of 
the inferior turbinate and the medial wall of the max¬ 
illary sinus. It contains the distal opening of the na¬ 
solacrimal duct, covered by a mucosal valve (Hasner’s 
valve). The middle meatus is the space lateral to the 
middle turbinate, and is often functionally referred to 
as the ostiomeatal complex [18]. It contains the drain¬ 
age pathways for the anterior ethmoids, the maxillary 
and the frontal sinuses. The middle meatus is the area 
that is most commonly involved in the pathophysiol¬ 
ogy of chronic rhinosinusitis. 
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Fig. 2.1. Endoscopic view of the posterior part of a left nasal 
cavity showing the choana and the torus (T). Turning clock¬ 
wise around the choana, the following structures and spaces 
can be recognized: the sphenoethmoid recess (SR), the tail of 
the superior turbinate (asterisk), the tail of the middle turbi¬ 
nate (MT), the middle meatus (MM), the tail of the inferior 
turbinate (IT), the inferior meatus (IM), the floor of the nose 
(F) and the nasal septum (S). Keeping this orientation in mind 
becomes more important when one or more of these structures 
are distorted or hidden by the disease 


The middle meatus hosts from anterior to posteri¬ 
or the: 


Agger nasi cells 

■ Uncinate process 
Hiatus semilunaris 
Ethmoid bulla 

■ Sinus lateralis 
Posterior fontanelle 


These structures will be detailed in the following 
paragraphs. The superior meatus is the lateral space 
between the superior and the middle turbinates. It 
drains the posterior ethmoid cells. The supreme me¬ 
atus is the area above the superior turbinate, which 
drains the most posterior ethmoid cells. 

The superior part of the nasal cavity is divided into 
the olfactory cleft anteriorly and the sphenoethmoid 
recess posteriorly. The olfactory cleft is located under 
the olfactory fossa between the insertion of the mid¬ 
dle turbinate and the nasal septum. It lies just inferi¬ 
or to the cribriform plate. Keros (1965) described three 
types of olfactory fossa depending on how low the lev¬ 
el of the cribriform plate is with relation to the roof of 
the ethmoids, this level being determined by the width 
of the lateral lamella of the cribriform plate which ar¬ 
ticulates with the roof of the ethmoids (Fig. 2.3). 



The Keros classification is as follows: 


Type 1 corresponds to an olfactory fossa 1-3- 
mm deep in relationship to the roof of the 
ethmoids. 

Type 2 is 4-7-mm deep. 

Type 3 refers to a depth of 8 mm and above 
[18]. 


Fig. 2.2. Sagittal view of a left lateral wall of the nose show¬ 
ing the four turbinates. The white arrows point to the four 
meati. Note the accessory ostium of the maxillary sinus in the 
posterior fontanelle (marked by an asterisk). The black arrow 
points to the anterior wall of the sphenoid sinus. The middle, 
superior and supreme turbinates represent the third, fourth 
and fifth embryological lamellae. The first and second lamel¬ 
lae (uncinate and bulla) are hidden by the middle turbinate on 
this view 


Recognizing the relationship between the cribri¬ 
form plate, the fovea ethmoidalis and the insertions 
of the middle and superior turbinates is very impor¬ 
tant to avoid an inadvertent breaking into the anteri¬ 
or skull base, especially in the anterior ethmoid where 
the junction between the conchal lamina and the eth¬ 
moid roof is the least-resistant zone [10]. Posterior to 
the olfactory cleft, and as the roof of the nasal cav¬ 
ity becomes more inferior, the sphenoethmoid re¬ 
cess lies between the tail of the superior turbinate and 
the posterior-superior septum, just above the choa¬ 
na (Fig. 2.1) [18]. This recess drains the sphenoid si¬ 
nus and the posterior ethmoids via the superior and 
supreme meati. Functionally, this area is referred to 
as the “posterior” ostiomeatal complex, in contrast to 
the “anterior” ostiomeatal complex in the middle me¬ 
atus. The tail of the superior turbinate constitutes a 
very important surgical landmark in the sphenoeth- 
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Fig. 2.3. Coronal view of the olfactory clefts and fossae, in a 
plane transecting the ethmoid bullae. The arrow measures the 
length of the lateral lamella of the cribriform plate, defining 
the type of olfactory fossa according to Keros. Note the inser¬ 
tion of the basal lamella of the middle turbinate on the cribri¬ 
form plate, as well as the relatively thicker fovea ethmoidalis 
lateral to the cribriform plate. The intracranial bony spur that 
continues the septum corresponds to the crista galli. In most 
of the cases, the cribriform plate is symmetrical, however, an 
asymmetric skull base is an anatomical variant that should be 
recognized on a preoperative CT scan 



Fig. 2.4. Sagittal view of the left lateral wall of the nose after a 
partial middle turbinectomy exposing the contents of the mid¬ 
dle meatus: The black arrows point to the resection margin an¬ 
teriorly, and the white line draws the vertical (V) portion and 
the horizontal (H) portion of the basal lamella of the middle 
turbinate. The sagittal most anterior part of the basal lamella 
inserts on the anterior skull base marked in methylene blue. 
The uncinate process (17) and the ethmoid bulla ( B ) border the 
hiatus semilunaris marked by asterisks. Also note the promi¬ 
nence of the lacrimal bone (.circled), the posterior fontanelle 
( PF ) with the accessory ostium of the maxillary sinus, and the 
tail ( T) of the middle turbinate 


moid recess as it points medially toward the natural 
ostium of the sphenoid sinus [16]. 


The Uncinate Process 
and the Maxillary Sinus 


The uncinate process is a very important surgical 
landmark in the lateral nasal wall for endonasal si¬ 
nus surgery. Although considered part of the ethmoid 
labyrinth since it derives from the descending portion 
of the first ethmoturbinal, the uncinate process is typ¬ 
ically discussed when addressing the maxillary sinus 
because of its intimate relationship with the maxil¬ 
lary ostium. The uncinate process is a crescent-shaped 
bony structure that typically projects from posteroin- 
ferior (at the palatine bone and inferior turbinate) to 
anterosuperior where it runs along the lateral nasal 
wall attaching to the ethmoid crest of the maxilla, the 
lacrimal bone, the skull base or the lamina papyra- 
cea. Its anterior-inferior margin has no bony attach¬ 
ments, and posteriorly it attaches to the ethmoid pro¬ 
cess of the inferior turbinate (Fig. 2.4) [4], Its ante¬ 
rior convex part forms the anterior boundary of the 
(anterior) ostiomeatal complex, where the maxillary, 
anterior ethmoid and frontal sinuses drain. It endo- 
scopically hides the hiatus semilunaris, which could 


fairly be represented by the space between the unci¬ 
nate and the ethmoid bulla. The uncinate process can 
be displaced medially by polypoid disease or laterally 
against the orbit as in maxillary sinus hypoplasia. Re¬ 
moving the uncinate process is the first step of most 
endoscopic sinus surgeries. When performing this, 
one must keep in mind the anterior insertion of the 
uncinate process in order to avoid injuries to the me¬ 
dial orbital wall (lamina papyracea). This step usually 
reveals the natural ostium of the maxillary sinus. The 
superior border of the maxillary sinus ostium identi¬ 
fies the level of the orbital floor. 

The maxillary sinus is the largest and most con¬ 
stant of the paranasal sinuses. It is the first sinus to 
develop in utero. After birth, it undergoes two peri¬ 
ods of rapid growth, between birth and 3 years of life, 
then between ages 7 and 18 years. The maxillary sinus 
has a pyramidal shape with an anterior wall corre¬ 
sponding to the facial surface of the maxilla. Its pos¬ 
terior bony wall separates it from the pterygomaxil- 
lary fossa medially and from the infratemporal fos¬ 
sa laterally. Its medial wall does not contain any bone; 
it is formed by the middle meatus mucosa, a layer of 
connective tissue and the sinus mucosa [19], This is 
best recognized at the level of the posterior fontanelle 
which corresponds to the area between the tails of 
the middle and inferior turbinates, behind the hiatus 
semilunaris and under the ethmoid bulla. The poste- 
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rior fontanelle can have an opening to the maxillary 
sinus, the accessory ostium, which could be mistak¬ 
en for the natural ostium during ESS if an incomplete 
uncinectomy is performed (Fig. 2.4). A smaller ante¬ 
rior fontanelle is located between the anterior part of 
the uncinate superiorly and the insertion of the infe¬ 
rior turbinate inferiorly. The floor of the maxillary si¬ 
nus is formed by the alveolar process of the maxil¬ 
lary bone and the hard palate. It lies at the same lev¬ 
el of the floor of the nose in children, and 5-10 mm 
under the floor of the nose in adults [19]. The roof of 
the maxillary sinus corresponds to the floor of the or¬ 
bit, and frequently shows a posteroanterior bony ca¬ 
nal for the distal part of the second branch of the tri¬ 
geminal nerve. The most common anatomical varia¬ 
tion in the maxillary sinus is the infraorbital ethmoid 
cell, or Haller cell; Haller cells are pneumatized eth¬ 
moid cells that project along the floor of the orbit, 
arising most often from the anterior ethmoids [11, 
14], They can in some cases compromise the paten¬ 
cy of the maxillary sinus infundibulum, and in oth¬ 
er cases can be involved in the chronic polypoid dis¬ 
ease, which will mandate opening them. In addition 
to this, removing the infraorbital ethmoid cell will al¬ 
low an accurate identification of the floor of the orbit 
and the posterior wall of the maxillary sinus, which 
represent reliable surgical landmarks in the presence 
of advanced disease or distortion of the middle me- 
atal anatomy. 


The Ethmoid Labyrinth 


Located lateral to the olfactory cleft and fossa, between 
the lateral nasal wall and the medial orbital wall, the 
ethmoid sinus is the most compartmentalized para¬ 
nasal sinus. At birth, only a few cells are pneuma¬ 
tized, but in adulthood their number can go beyond 
15 cells. The frontal bone in its posterior extension 
covers the roof of the ethmoid sinus, forming the so- 
called fovea, or foveolae ethmoidales [18]. The anteri¬ 
or and posterior ethmoid arteries, terminal branches 
of the internal carotid artery via the ophthalmic ar¬ 
tery, run along the roof of the ethmoid from lateral to 
medial. The width of the ethmoid increases from an¬ 
terior to posterior because of the conelike structure 
of the orbit. 

The ethmoid sinus is referred to as the ethmoid 
labyrinth because of the complexity of its anatomy, 
due to the honeycomb-like appearance of its air cells 
with intricate passageways and blind alleys. Rhinol- 
ogists have tried to simplify its difficult anatomy by 
considering the sinus as a series of five obliquely ori¬ 
ented parallel lamellae. These derive from the ridg¬ 
es in the lateral nasal wall of the fetus called ethmo- 
turbinals [4, 15]. The lamellae are relatively constant 



Fig. 2.5. Triangular zone of safe entry ( asterisk ) into the in¬ 
ferior-posterior ethmoid air cells through the basal lamella of 
the middle turbinate. The base of the triangle corresponds to a 
horizontal line drawn from the medial floor of the orbit (pos¬ 
teriorly) to the nasal septum. The other two lines correspond to 
the cut edge of the middle turbinate lamella and the vertical 
ridge (cut edge of the posterior fontanelle) of the middle me- 
atal maxillary sinusotomy (M) 


and easy to recognize intraoperatively. The first and 
most anterior lamella corresponds to the uncinate 
process, which embryologically represents the basal 
lamella of the first ethmoturbinal. The second lamella 
is the ethmoid bulla, or bulla ethmoidalis as first re¬ 
ferred to by Zuckerkandl, the largest and most con¬ 
stant anterior ethmoid cell [14], It has a round shape 
with thin walls, extending from the lamina papyracea 
laterally and bulging into the middle meatus medially 
(Fig. 2.3). Rarely, when nonpneumatized, a bony pro¬ 
jection from the lamina papyracea results and is re¬ 
ferred to as the torus lateralis. The most important la¬ 
mella is the third one, the ground or basal lamella of 
the middle turbinate, not only defining the anatomi¬ 
cal separation between the anterior and the posterior 
ethmoid cells, but also creating a bony septation that 
dictates the drainage pattern of the ethmoid cells into 
the middle meatus (for the anterior ethmoid cells) 
and the superior and supreme meati (for the posterior 
ethmoid cells). It thus represents the surgical posteri¬ 
or limit for an anterior ethmoidectomy. Its S-shaped 
insertion with a sagittal anterior third and a vertical 
middle third gives the middle turbinate its mechan¬ 
ical stability, and its posterior horizontal part at the 
level of the tail of the middle turbinate represents the 
most straightforward way for entry into the posteri¬ 
or ethmoids (Figs. 2.4, 2.5). The fourth lamella is the 
basal lamella of the superior turbinate and the fifth is 
the basal lamella of the supreme turbinate [4,15]. 

Besides the bony lamellae, particular groups of eth¬ 
moid cells have been identified, and recognizing them 
helps understanding the pathophysiology and spread 
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Fig. 2.6. Parasagittal view of a right frontal recess. The agger 
nasi (A) and suprabullar (SB) cells are, respectively, the anterior 
and posterior boundaries of the frontal recess (dotted arrow). 
The anterior portion of the middle turbinate, missing on this 
view, represents its medial limit. Note the frontal sinus (F), the 
ethmoid bulla (B), the posterior ethmoid cells (P£) and their 
relation to the tail of the middle turbinate ( MT ), the sphenoid 
sinus (S) and the natural ostium of the maxillary sinus (M). 



Fig. 2.7. Sagittal view of a right lateral wall of the nose show¬ 
ing the sphenoid sinus and the pituitary gland (P). The arrows 
point to the sphenoid side of the floor of the sella turcica, 
separating the planum sphenoidale (PS) anteriorly from the 
clivus (C) posteriorly. The right carotid artery prominence is 
marked with a dotted line. A right Onodi cell (O) hides the 
optic nerve prominence, and the direction of the right optic 
nerve is represented by a plain line. Note the relationship of 
the tail of the superior turbinate (ST) with the ostium of the 
sphenoid sinus 


of sinus disease, as well as performing the most com¬ 
plete ethmoid surgery with the least surgical com¬ 
plications. The agger nasi cells are the most anterior 
ethmoid cells, and are endoscopically visualized as 
a prominence anterior to the insertion of the middle 
turbinate. From Latin, agger means mound or emi¬ 
nence, and agger nasi refers to the pneumatized supe¬ 
rior remnant of the first ethmoturbinal which persists 
as a mound anterior and superior to the insertion of 
the middle turbinate. Rarely, the pneumatization can 
extend inferiorly to involve the anterosuperior part of 
the uncinate process, which as described previously 
derives from the descending portion of the first eth¬ 
moturbinal. The agger nasi pneumatization can also 
have a significant impact on the uncinate process in¬ 
sertion, as well as on the patency of the frontal recess 
(Fig. 2.6) [15, 18]. Accurate identification of the agger 
nasi is the key to the surgical access to the frontal re¬ 
cess [20], 

The middle turbinate can sometimes be pneuma¬ 
tized, resulting in a concha bullosa with a pneumati¬ 
zation usually originating from the frontal recess or 
the agger nasi. The concha bullosa is a normal vari¬ 
ant that in itself does not require surgery; however, 
extensive pneumatization may narrow the ostiome- 
atal complex and contribute to sinus disease [9], Con- 
chal cells are ethmoid air cells that invade the middle 
turbinate in its anterior aspect, whereas interlamellar 
cells, originally described by Grunwald, arise from 
pneumatization of the vertical lamella of the middle 
turbinate from the superior meatus [18]. 


The supraorbital ethmoid cells (also referred to as 
suprabullar cells) are anterior ethmoid cells that arise 
immediately behind the frontal recess and extend over 
the orbit through pneumatization of the orbital plate 
of the frontal bone. They can compromise posteriorly 
the frontal sinus drainage, in a similar way as the ag¬ 
ger nasi anteriorly (Fig. 2.6). During ESS, supraorbit¬ 
al cells can be mistaken for the frontal sinus by inex¬ 
perienced surgeons. Transillumination of these cells 
with a telescope reveals the light in the inner canthal 
area, rather than the supraorbital area when the fron¬ 
tal sinus is transilluminated [14], 

The sphenoethmoid cells, or Onodi cells, are an¬ 
other important group of ethmoid cells, with refer¬ 
ence to Adolf Onodi from Budapest who studied the 
relationship of the ethmoid and the optic nerve [11, 
17]. In this case, the posterior ethmoid cells extend 
superiorly or laterally to the sphenoid sinus, and the 
pneumatization can reach the posterior clinoid pro¬ 
cess. The sphenoethmoid cell is intimately related to 
the optic nerve, whether the latter is prominent or not 
in its lateral wall (Fig. 2.7). Also, if large enough, the 
carotid artery can bulge through its posterior wall. 
Thus, attempts to open the sphenoid through a sphe¬ 
noethmoid cell can result in serious damage to the 
optic nerve or the carotid artery. Theese important 
structures are usually related to the lateral wall of the 
sphenoid sinus; however, accurate identification of 
these structures and possibly Onodi cells on a preop¬ 
erative CT scan is the best way to avoid such severe 
complications. 
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Fig. 2.8. Tail of the superior turbinate as a sphenoid ostium. 
The sphenoid ostium is found superomedial (arrow) to the tail 
of the superior turbinate ( asterisk) 



The sphenoid sinuses are located at the skull base at 
the junction of the anterior and middle cerebral fos¬ 
sae. Their growth starts between the third and fourth 
months of fetal development, as an invagination of the 
nasal mucosa into the posterior portion of the carti¬ 
laginous nasal capsule. Between birth and 3 years of 
age, the sphenoid is primarily a pit in the sphenoeth- 
moid recess. Pneumatization of the sphenoid bone 
starts at age three, extends toward the sella turcica by 
age seven, and reaches its final form in the the mid¬ 
teens [15,19], The two sinuses generally develop asym¬ 
metrically, separated by the intersinus bony septum. 
In some cases, because of this asymmetry, the intersi¬ 
nus septum goes off the midline and can have a poste¬ 
rior insertion on the bony carotid canal, in the lateral 
wall of the sphenoid [16]. For this reason, care must be 
taken when removing the septum in these cases, as a 
brisk avulsion may result in carotid rupture. Pneuma¬ 
tization of the sphenoids can invade the anterior and 
the posterior clinoid processes as well as the posteri¬ 
or part of the nasal septum, the Vomer. The sphenoid 
sinus drains through a single ostium into the sphe- 
noethmoid recess: this ostium is classically situated 
7 cm from the base of the columella at an angle of 30° 
with the floor of the nose in a parasagittal plane, and 
this usually corresponds to a location halfway up the 
anterior wall of the sinus. Endoscopically, the pos- 
teroinferior end of the superior turbinate points supe¬ 
riorly and medially toward the ostium and thus rep¬ 
resents a very important landmark to identify it (Fig. 
2.8). When polypoid changes are present distorting 
the normal anatomy, the ostium can be located adja¬ 
cent to the nasal septum, at the level of the posterior 
orbital floor seen through the middle meatal sinusot- 



Fig. 2.9. a Anatomic landmarks for a sphenoid sinusotomy. In 
advanced disease the sphenoid ( asterisk) is safely entered at the 
level of the posterior orbital floor (arrow), approximately 7 cm 
from the anterior columella, and adjacent to the nasal septum. 
This also corresponds to the level of the sphenoid natural os¬ 
tium. b Completed sphenoidotomy. Endoscopically, most of 
the posterior ethmoid cavity (PE) is located superior to a line 
drawn at the level of the posterior orbital floor. By contrast, 
the sphenoid sinus (asterisk) and the maxillary sinus (M) are 
below this line 


omy, usually within 10-12 mm from the superior arch 
of the choana, and approximately 7 cm from the colu¬ 
mella [5,12] (Fig. 2.9). 

The superior wall of the sphenoid sinus usually 
represents the floor of the sella turcica (Fig. 2.7). 

Depending on the extent of pneumatization, the 
sphenoid sinus can be classified into three types: 

1. Conchal: the area below the sella is a solid block of 
bone without pneumatization. 

2. Presellar: the sphenoid is pneumatized to the level 
of the frontal plane of the sella and not beyond. 

3. Sellar: the most common type, where pneumatiza¬ 
tion extends into the body of the sphenoid beyond 
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the floor of the sella, reaching sometimes the clivus 

[6,16]. 

The lateral wall of the sphenoid sinus can show var¬ 
ious prominences, the most important being the ca¬ 
rotid canal and the optic canal: the internal carotid 
artery is the most medial structure in the cavernous 
sinus, and rests against the lateral surface of the sphe¬ 
noid bone. Its prominence within the sphenoid varies 
from a focal bulge to a serpigenous elevation marking 
the full course of the intracavernous portion of the 
carotid artery from posteroinferior to posterosuperi- 
or (Fig. 2.10). In some cases, even without advanced 
sinus disease, dehiscence in the bony margin can be 
present, and this should be particularly looked for on 
the CT scan [16]. 

The optic canal is found in the posterosuperior an¬ 
gle between the lateral, posterior and superior walls 
of the sinus, horizontally crossing the carotid canal 
from lateral to medial (Fig. 2.10). Pneumatization of 
the sphenoid above and below the optic canal can re¬ 
sult, respectively, in a supraoptic recess and an in¬ 
fraoptic recess (the opticocarotid recess). The infraop¬ 
tic recess lies between the optic nerve superiorly and 
the carotid canal inferiorly, and can sometimes pneu¬ 
matize the anterior clinoid process [15]. 

The canals of two other nerves can be encountered in 
the lateral wall of the sphenoid sinus, below the level 
of the carotid canal: 


The second branch of the trigeminal nerve su¬ 
periorly through the foramen roduntum 
The vidian nerve in the pterygoid canal inferi¬ 
orly (Fig. 2.10). 


In some cases, these nerves are easily identified on a 
coronal CT scan defining the superior and the inferi¬ 
or borders of the entry into the so-called lateral recess 
in an extensively pneumatized sphenoid sinus. 


The Frontal Sinu: 


The frontal sinus is intimately related to the anteri¬ 
or ethmoid in both its embryology and its anatomy. 
It has been suggested that the frontal sinus develops 
from an upward extension of the anterior ethmoid 
cells into the most inferior aspect of the frontal bone 
between its two tables. However, Stammberger con¬ 
siders that the frontal sinus develops from the fron¬ 
tal recess, which is embryologically the superior con¬ 
tinuation of the groove between the first ethmoturbi- 
nal (agger nasi and uncinate process) and the second 
ethmoturbinal (bulla ethmoidalis). At birth, the fron¬ 



Fig. 2.10. Simplified drawing of a lateral wall of the left sphe¬ 
noid sinus. The optic canal (A) runs from anterolateral to pos¬ 
teromedial in the most superior aspect of the lateral wall. The 
carotid prominence (B) is usually seen at the junction of the 
posterior and lateral walls. Note the supraoptic recess (above 

A) and the infraoptic or opticocarotid recess (between A and 

B) . The canals for the second branch of the trigeminal nerve 
(C) and the vidian nerve ( D ) can sometimes be endoscopically 
identified, and define the superior and inferior boundaries for 
the lateral recess (between C and D) in a very pneumatized 
sphenoid 



Fig. 2.11. Frontal sinus orientation. The correct trajectory 
into the frontal sinus is along a line (dotted line) parallel to the 
convexity of the nasolacrimal apparatus (small arrows), start¬ 
ing at the maxillary natural ostium area, and extending sev¬ 
eral millimeters behind the anterior attachment of the middle 
turbinate (asterisk) 


tal sinus is a small blind pouch often indistinguish¬ 
able from the anterior ethmoid cells. Starting around 
2 years of age, pneumatization of the frontal sinus will 
become significant in early adolescence, and complete 
in the late teens. The right and left frontal sinuses de¬ 
velop independently, and are often asymmetrical: As 
with the sphenoid sinus, it is not uncommon to find 
one “dominant” frontal sinus, one or two hypoplastic 
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frontal sinuses, one aplastic frontal sinus, and more 
rarely bilaterally aplastic sinuses [7], 

The frontal sinus lies within the frontal bone be¬ 
tween a thick anterior table and a relatively thin pos¬ 
terior table, separating the sinus from the frontal lobe 
of the brain posteriorly. It has classically been de¬ 
scribed as a pyramid: its medial wall corresponds to a 
bony septum, the intersinus septum, which can some¬ 
times be pneumatized, forming an intersinus cell. The 
floor of the frontal sinus corresponds to the anterior 
roof of the orbit, and the thin bone at this level, in a 
similar way as the posterior table, can be eroded by a 
mucocele [7], 

The frontal sinus drainage pathway has an hourglass 
shape, and opens in the nose at the level of the fron¬ 
tal recess (Fig. 2.6). The narrowest point of this tract is 
called the frontal infundibulum or ostium, and is lo¬ 
cated at the most inferomedial aspect of the sinus. 

The frontal ostium is bounded by: 


The roof of the agger nasi anteroinferiorly 

The roof of the bulla ethmoidalis or suprabul- 

lar cells posteriorly 

The lamina papyracea laterally 

The lamella of the middle turbinate anteriorly 


If the bulla ethmoidalis does not have an anterior in¬ 
sertion on the skull base, the frontal recess communi¬ 
cates with the suprabullar recess [20], and depending 
on the anterior insertion of the uncinate process, the 
frontal recess will drain medial or anterior to the un¬ 
cinate (when it inserts on the lamina papyracea) and 
lateral or posterior to the uncinate into the anterior 
ethmoid (when the uncinate inserts on the skull base 
or on the middle turbinate) [13]. 

Besides the different anterior ethmoid cell groups 
that could be related to the frontal infundibulum, 
other cells can originate from the frontal recess and, 
when present, are called the frontal infundibular 
cells. 

Bent and Kuhn classified the frontal cells into four 
types: 

1. Type 1 is a single air cell above the agger nasi. 

2. Type 2 is a group of small cells above the agger nasi 
but below the orbital roof. 

3. Type 3 is a single cell extending from the agger nasi 
into the frontal sinus. 

4. Type 4 is an isolated cell within the frontal sinus 
not contiguous with the agger nasi [1]. 

Many factors contribute to make the frontal sinus in¬ 
fundibulum one of the most challenging areas to ac¬ 
cess in ESS: the small diameter, the anterior location 


and orientation within the frontal bone, as well as the 
anatomical relationship with the orbit, the skull base 
and the different groups of cells make the endoscop¬ 
ic anatomy very difficult to understand. The keys to 
achieving a good and safe visualization of the frontal 
sinus are opening the agger nasi cells and palpating 
with a probe to identify the posterior wall of the fron¬ 
tal sinus away and in front of the anterior ethmoid ar¬ 
tery. The roof of the suprabullar and agger nasi cells 
should be down-fractured and removed carefully to 
visualize the infundibulum (Fig. 2.6). The trajectory 
for entry into the frontal infundibulum should be in 
the direction of a line drawn parallel to the convexity 
of the lacrimal bone, a few millimeters behind the an¬ 
terior attachment of the middle turbinate, starting at 
the coronal plane of the natural ostium of the maxil¬ 
lary sinus [5] (Fig. 2.11). 



The anatomy of the paranasal sinuses, despite its 
obvious complexity, can be comprehensively un¬ 
derstood by subdividing the sinuses into differ¬ 
ent groups similar in their embryology and func¬ 
tion. Even with the most sophisticated radiologi¬ 
cal techniques and surgical navigation tools, the 
safety of endoscopic sinus surgery still depends 
to a great extent on the surgeon's knowledge and 
experience. The preoperative imaging, mandato¬ 
ry before any ESS, helps the surgeon to recognize 
anatomical and pathological variants, in order to 
reduce the risk of complications while achieving 
an adequate surgery. 
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Core Messages 


■ Using endoscopic methods, surgeons treat 
chronic inflammatory disease in a functional 
manner rather than in an extirpative or ob¬ 
literative manner. They seek to preserve the 
anatomy and enhance the natural drainage 
pathways of the paranasal sinuses. 

■ Frontal sinus instrumentation has evolved 
symbiotically with endoscopic management 
of the paranasal sinus disorders. 

■ Specialized instruments allow the surgeon to 
follow the tenets of functional frontal sinus 
surgery: complete removal of the frontal re¬ 
cess cells, enlarging the internal frontal os¬ 
tium, and preserving frontal recess mucous 
membrane. This maximizes favorable patient 
outcomes. 

■ A description of each instrument and its prop¬ 
er use is detailed herein. 
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Introduction 


In the era of external sinus surgery, access to the fron¬ 
tal sinus was very straightforward. Its position high 
in the frontal bone allowed relatively safe approach¬ 
es to the anterior table, which would be removed in a 
variety of fashions. The osteoplastic flap with obliter¬ 
ation gained acceptance in the 1950s as the standard 
of management in chronic frontal sinus inflammato¬ 
ry conditions [11], Its purpose was to make the sinus 
nonfunctional and no longer an issue. From an in¬ 
strumentation standpoint, no specialized equipment 
was needed to approach this relatively superficial 
structure. The first specialized instrument designed 
specifically for use in the frontal sinus was the Van 
Alyea cannula (Fig. 3.1), which was used for transna¬ 
sal irrigation of the frontal sinus in patients that had 
not been operated on. 

The introduction of endoscopic sinus surgery 
brought about a paradigm shift in sinus surgery and 
a renaissance to the study of sinus anatomy and phys¬ 
iology. Using endoscopic methods, surgeons began 
to treat chronic inflammatory disease in a function¬ 
al manner rather than in an extirpative or obliterative 
manner. They sought to preserve the anatomy and en¬ 
hance the natural drainage pathways of the paranasal 
sinuses [28]. As all prior transnasal sinus instrumen¬ 
tation was designed to be used with a speculum and 
headlight, the advent of endoscopic sinus surgery ne¬ 
cessitated the development of new instrumentation, 
which would complement endoscopy. 

While the maxillary, ethmoid, and sphenoid sinus¬ 
es can be approached with straight instrumentation 
and 0° endoscopes, the frontal sinus drainage path¬ 
way lies at an upward angle to the anteroposterior 
axis of the ethmoid sinuses. It is above and behind the 
insertion of the middle turbinate attachment to the 
lateral nasal wall. Standard instrumentation would 
allow neither access nor safe removal of tissue in this 
area. In 1989, Kuhn and Bolger developed frontal si¬ 
nus instruments with Karl Storz (Tuttlingen, Germa¬ 
ny) that would allow safe dissection in this area. This 
set, known as the Kuhn-Bolger Frontal Sinus Instru¬ 
ment Set, consists of two frontal sinus curettes, one 
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Fig. 3.1. Van Alyea cannula. This was originally designed for had previously been operated on, especially when topical anti¬ 
transnasal irrigation of the frontal sinus in the 1930s. It is cur- biotic or steroid instillation is desired 
rently used for irrigation of the frontal sinus in patients who 



frontal ostium seeker, and six frontal recess giraffe 
forceps (Fig. 3.2). These advances in instrumentation 
and the operative techniques associated with them [2, 
3, 7,12,14,16,18,19,21,27] allowed better success in 
the frontal recess, and endoscopic frontal sinusotomy 
became the standard for the primary operative man¬ 
agement of chronic frontal sinusitis. 

The anatomy of the frontal recess is discussed else¬ 
where in this publication;, it is an inverted funnel- 
shaped area, which extends from the internal frontal 
ostium down along the skull base ending at the ante¬ 
rior ethmoid artery (Fig 3.3). It is extensively and vari¬ 
ably pneumatized by a variety of frontal recess cells - 
the agger nasi cell, four types of frontal cells, supra¬ 
orbital ethmoid cells, suprabullar and frontal bullar 


cells. These cells, originally described by Van Alyea, 
have been revisited and defined over the last 15 years 
[1,17,24, 25], Anatomically speaking, this is a narrow 
and confined area that is bordered medially by the an¬ 
terior aspect of the middle turbinate, laterally by the 
lamina paprycea, anteriorly by the agger nasi region, 
and posteriorly by the skull base. The ease of endo¬ 
scopic access to this small and intensely pneumatized 
area is in stark contrast to the facile external approach 
to the frontal sinus. 

Several tenets of functional frontal sinus surgery 
are particularly germane to dealing with dissection of 
the frontal recess. One is to remove the frontal recess 
cells completely, taking full advantage of the medi¬ 
al frontal sinus floor to enlarge the ostium and there- 













Fig. 3.3. Frontal recess anatomy 


by relieve potential sources for frontal recess obstruc¬ 
tion. Enlarging the frontal sinus outflow tract below 
the ostium allows more efficient mucociliary clear¬ 
ance from the frontal sinus and reduces the likeli¬ 
hood of frontal recess narrowing secondary to edema 
and scarring. Most importantly, however, is preserva¬ 
tion of all frontal recess mucosa; this allows restora¬ 
tion of function without scarring. Fibrin clot does not 
adhere to intact mucosa. There is less likelihood of 
granulation tissue, fibrous scarring, and frontal sinus 
contracture. Any frontal recess mucosa inadvertently 
removed increases the likelihood of these problems. 
Anything which improves enlarging the drainage 
pathway while preserving the mucosa and mucocili¬ 
ary clearance is advantageous to patient outcomes. 

The operative technique for endoscopic frontal si¬ 
nus and frontal recess surgery is detailed elsewhere in 
this book at great length. The purpose of this chap¬ 
ter is to detail the instrumentation that has advanced 
frontal sinus surgery and review the proper use of this 
instrumentation in light of these tenets of frontal si¬ 
nus surgery. 


Endoscop 


Historically, the anatomy of the nasal cavity and pa¬ 
ranasal sinuses has intrigued mankind, and this rudi¬ 
mentary anatomical knowledge of the anatomy dates 
back to tomb inscriptions from 1500 bc [28], The an¬ 
cient Egyptians created fistulae between the cranial 
and sinonasal cavities in order to remove intracranial 
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contents from the recently deceased. Improved access 
to the nasal cavity and other orifices of the body was 
obtained by the Roman development of the speculum, 
which dates to the first century ad From this time of 
speculae and mirror illumination, no meaningful ad¬ 
vances occurred in the visualization of the body’s 
cavities until the time of Philipp Bozzini (1773-1809), 
who developed the first rigid endoscope [5], Although 
Bozzini was a urologist, he developed a system for rig¬ 
id endoscopy, suitable for use in many body areas, in¬ 
cluding the nasal cavity [26]. 

Subsequently, the candle illumination provided by 
Bozzini’s system was enhanced by another urologist, 
Maximillian Nitze, who developed an endoscope in 
1877 with engineer Joseph Leiter that used a glowing 
platinum wire for illumination [26], Nitze also inte¬ 
grated an optical system in the body of his endoscope 
that involved a series of glass lenses separated by air¬ 
spaces. Thus, the first conventional optical rod was 
engineered. Hirschmann [20] is credited as the first to 
modify one of Nitze’s cystocopes and utilize it for na¬ 
sal endoscopy; however, this was short-lived because 
of low illumination and access to the sinonasal cavi¬ 
ties [20], 

The next major advance was the development of 
the Hopkins rod lens system, developed by Harold 
Hopkins in 1960 [13], which modified Baird’s design 
[13] for sending light and images down a flexible glass 
cable. His rod incorporated glass fibers for the trans¬ 
mission of light as well as a series of airspaces separat¬ 
ed by glass lenses; these improvements increased opti¬ 
cal efficiency ninefold. This novel technology was fos¬ 
tered and manufactured by Karl Storz, who coupled 
Hopkins’s endoscope with cold-light illumination. 
Today, Hopkins rod lens telescopes are the standard 
for rigid nasal endoscopy, and their coupling with a 
remote xenon light source provides excellent illumi¬ 
nation without the morbidity of “hot light” from the 
scope’s tip. 

An array of endoscopes are needed for proper opera¬ 
tive and postoperative care: 


Most manufacturers offer scopes with 4- and 
2.7-mm (“pediatric”) diameters. 

The largest possible scope should be used as 
each 10% increase in diameter results in a 46% 
increase in illumination [5], 


A variety of telescopes are available that allow field- 
of-view illumination and visualization at a fixed angle 
from the telescope axis. Although the endoscope it¬ 
self is straight, an angle-of-view prism is incorporated 
into the distal tip of the scope that allows visualiza¬ 
tion and illumination of the field of view at a defined 
angle from the working axis of the endoscope. 
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Tips and Pearls 

In the operative and clinical settings, sinonasai 
endoscopy is generally carried out with 0°, 30°, 
45°, and 70° endoscopes and allows visualiza¬ 
tion of structures that are not in line with the 
telescope’s axis. 


The 0° endoscope is the telescope of choice for eth¬ 
moid and sphenoid sinus surgery. Since the working 
axis of the scope is straight ahead and in line with the 
instruments, disorientation is not as much of an is¬ 
sue; however, when working from a monitor, the im¬ 
age must be kept vertical to avoid disorientation. Al¬ 
though the 0° telescope is easier to maneuver than the 
angled telescopes, it is limited by its inability to visu¬ 
alize areas that are not directly in line with the tele¬ 
scope’s axis. Consequently, angled telescopes are very 
important when working at an angle to the antero¬ 
posterior axis of the nose such as in the maxillary and 
frontal sinuses. In general, the technique for frontal 
recess dissection begins posteriorly. The skull base is 
identified at the most posterior aspect of the ethmoid 
dissection at its junction with the sphenoid face and 
is then continued from posterior to anterior along the 
skull base towards the frontal recess. At the frontal re¬ 
cess (as well as at the maxillary sinus ostium) the tele¬ 
scope is changed to one of the angled telescopes to af¬ 
ford better visibility and illumination. 


Tips and Pearls 

Angled frontal recess instruments are generally 
designed for placement below the telescope; 
when working in the frontal recess, the distal 
end of the instrument reaches around the 
distal end of the telescopes. 

Sometimes, however, it is more advantageous 
to use the telescope below the instrument to 
allow it to reach further into the sinus. 
Instrument tips must be within the field of 
view and be illuminated by the telescope; thus, 
the 45° instruments are designed for the 30° 
endoscope and the 90° instruments for the 70° 
endoscope (Fig. 3.4). 

Angled frontal recess instruments are also 
extremely useful in the maxillary sinus. 


The anterosuperior location of the frontal recess ne¬ 
cessitates the use of angled telescopes to look above 
the “horizontal.” Although some surgeons use a 45° 
endoscope in this area, the 70° telescope is preferred 
owing to its enhanced visualization of the frontal re¬ 
cess. In addition, the 90° instruments designed for 
use here are best used in conjunction with this tele¬ 
scope. As mentioned earlier, the conceptual anatomy 
of the frontal recess resembles an inverted funnel that 


begins superiorly at the frontal ostium and descends 
posteroinferiorly (Fig. 3.3). It is bounded by the skull 
base posteriorly, ending at about the anterior ethmoid 
artery, and by the agger nasi region anteriorly, ending 
at the anterior attachment of the middle turbinate to 
the lateral nasal wall. This vertical component of the 
recess is complex and is best visualized with the more 
angled 70° telescope. The availability and use of an¬ 
gled telescopes in the office for postoperative debride¬ 
ments is at least as important as their operative use. 

Finally, the use of reverse light post endoscopes is 
advantageous during frontal sinus surgery. A reverse 
endoscope is one that has the light cord attachment, 
“the post,” pointed up when in use, 180° from its usu¬ 
al location. This allows the light cable to attach on 
the superior aspect of the endoscope, thereby freeing 
up more space underneath the telescope for the sur¬ 
geon to manipulate other instruments. This is ideal as 
the instruments for frontal recess dissection are de¬ 
signed to be passed underneath the telescope. Howev¬ 
er, the superior port location may complicate the use 
of “line-of-sight” image guidance systems, in which 
case either an electromagnetic image guidance sys¬ 
tem or 90° light post offset scopes may be used. 



45 deg instrument tip 



90 deg instrument tip 

Fig. 3.4. Forty-five-degree instruments are designed for the 
30° endoscope and the 90° instruments are designed for the 
70° endoscope 
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Fig. 3.5. Angled frontal 
recess curettes 



Frontal Curettes 


Frontal recess curettes (Fig. 3.5) have been designed 
with an angled tip that fits the frontal recess. As the 
skull base is being dissected from posterior to ante¬ 
rior, it begins to slope sharply upward near the an¬ 
terior ethmoid artery (neurovascular bundle). This is 
the posterior entrance to the frontal recess. Standard 
straight sinus instruments, such as the J-curette or 
the 45° Blaksley forceps, cannot access this area of the 
skull base owing to the frontal sinus being 90° above 
the “line of sight.” Consequently, the angled frontal 
recess curettes are used to continue the skull base dis¬ 
section by sliding them up the posterior frontal re¬ 
cess wall behind the frontal recess cells. The curette 
and cell walls are then pulled inferiorly and anterior¬ 
ly with little side-to-side movement. Misdirection of 
the frontal curette off a parasagittal plane may result 
in inadvertent injury to the skull base medially or the 
orbit laterally. Special care should be taken in patients 
with a Keros type III anatomic variation of the anteri¬ 
or skull base [15] to prevent injury to the lateral crib¬ 
riform plate lamella (Fig. 3.6). In such a configuration 
the olfactory groove is deep and creates a tall lateral 
lamella of the cribriform plate, which is more prone to 
injury with resultant cerebrospinal fluid leak [16]. 

Suction Kuhn frontal sinus curettes (Fig. 3.7) avail¬ 
able in 45° and 90° angles are useful if blood obscures 
the field of view in the frontal recess. A suction is in¬ 
corporated into the distal tip of the curette without 
adding bulk to the tip and allows the instrument to 
remove blood from the operative field during the dis¬ 
section. The proximal end of the curette has a toggle 
connector which attaches to the suction tubing. This 
allows better maneuverability by using lightweight 
intravenous connecting tubing interposed between 
the instrument and the main suction tubing. The han¬ 
dle has a low profile and is hollow to permit suction 
at the tip; however it can be bent if much force is ap¬ 
plied to it. 

The primary goal of the frontal recess curette is to 
fracture the bony cellular elements of the frontal re¬ 
cess. Overaggressive use of the curette in the frontal 
recess may damage the mucosa and compromise the 
frontal sinus outflow tract. Therefore, after disrupt¬ 



Fig. 3.6. Keros skull base anatomy 


ing the cell walls with the curette, bony partitions can 
be manipulated with the frontal sinus seekers and re¬ 
moved with a tissue debrider using an angled blade 
or frontal sinus giraffes (see later). These delicate gi¬ 
raffes were engineered to remove fragments of bone 
and mucosa that have already been disrupted by more 
aggressive means. 


Seekers 


Dissection of frontal recess cells entails the manipu¬ 
lation of small fragments of bone and mucosa in a dif¬ 
ficult anatomic area. 


Tips and Pearls 

Fractured frontal recess cell walls must be ma¬ 
nipulated and removed in a careful and meti¬ 
culous fashion in order to maximize the func¬ 
tional result and minimize scarring and mu¬ 
cosal injury to surrounding structures. 
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Frontal sinus seekers were designed to fit the anatomy 
“around the corner” and manipulate bone and muco¬ 
sa with their fine ball-ended tips. These seekers were 
created in two angles, 77° and 90°, in order to work 
on different anatomical variants of the frontal recess. 
The 90° frontal sinus seeker is more commonly used 
in the frontal recess as its angle works well with the 
slope of the skull base in the frontal recess and com¬ 
plements the 70° endoscope well. 

Each set of frontal sinus seekers (Fig. 3.8) has five 
discrete tips, one straight and four bent at 90° to the 
shaft, which allow the surgeon to work in all four 
quadrants of the frontal recess or sinus. The set is 
composed of five separate handles with two tips each, 


two straight at 77° and 90° and four with the tips 
bent to the four quadrants. They have been named 
the “inny,” “outty,” “lefty,” and “righty” seekers, the 
names of which reference (the umbilicus and baseball 
pitchers, as well as) the direction of the tip in rela¬ 
tion to the handle. These were engineered to seek and 
probe the frontal recess as well as to remove frontal si¬ 
nus bone fragments and redrape mucosa around the 
ostium. They are also valuable in the gentle manipu¬ 
lation of frontal recess mucosa after underlying bone 
has been removed. This allows mucosa to be “teased” 
from bone and maneuvered into its desired position; 
this is done to cover any areas of exposed bone with 
viable mucosa. Frontal sinus seekers are indispens- 
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able when performing the frontal sinus rescue proce¬ 
dure [19] as they are used to elevate mucosa off the lat¬ 
eral aspect of a middle turbinate remnant. After the 
bony vertical middle turbinate remnant is resected 
from the skull base with its medial nasal mucosa, the 
elevated lateral flap of frontal recess mucosa is rotat¬ 
ed medially to the nasal vault with the seeker to break 
up the circular geometry of the scar and to cover ex¬ 
posed bone where the middle turbinate remnant was 
resected. 


Kuhn-Bolger Frontal Sinus Giraffes 


After a frontal recess cell has been disrupted and its 
bony partitions teased from their mucosa with fron¬ 
tal sinus seekers, frontal sinus giraffes (Fig. 3.9) are 
helpful in removing the loose pieces of bone. The dis¬ 
tal tip of these instruments is a “double spoon,” or cup 
forceps configuration used as a grasping instrument, 
which is angled to fit up into the frontal recess. The 
handle and shaft design is similar to that of the Kuhn 
frontal sinus punches described in the next section. 
There are three pairs of frontal giraffe forceps; each 
pair consists of front-to-back and side-to-side biting 
forceps. They come in 45° 2- and 3-mm cups and 90° 
2-mm cups. Their design allows careful manipulation 
and removal of bone fragments left in the frontal re¬ 
cess after dissection. 


Tips and Pearls 

Understanding the proper use of frontal recess 
giraffes will avoid inadvertent injury to the 
anterior skull base. 


These instruments were not designed to remove bony 
cell walls still attached to the skull base because their 
tips are not through-cutting. Twisting a frontal recess 
cell remnant still attached to the anterior skull base 
with a frontal recess giraffe would run the risk of a 
skull base CSF leak. The partition could only be frac¬ 
tured if the giraffe were incorrectly used to twist or 
rock the partition from the skull base. This could lead 
to skull base fracture and CSF leak, since the bone 
may be only 0.1-0.2-mm thick. The weakest point of 
the entire anterior skull base in fact is the point where 
the ethmoid roof is penetrated by the anterior eth¬ 
moid artery [27], 


Punches 


The frontal sinus punches were designed in conjunc¬ 
tion with Karl Storz to allow more removal of frontal 
recess/sinus cell walls while preserving the mucous 
membranes. Although upon cursory inspection these 
punches appear similar to the frontal sinus giraffes, 
their use is very different. Their tips are through-cut- 
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ting and allow accurate and precise cutting of bony 
partitions without stripping the surrounding muco¬ 
sa. Similar to the giraffes, the set includes six instru¬ 
ments, three each in 77° and 90° with jaws opening 
“front-back,” to the right and to the left. The front-to- 
back opening is best for partitions oriented in the cor¬ 
onal plane and the side-opening forceps are best suit¬ 
ed for bone oriented in the parasagittal plane. 

There are three sets of these punches (Fig. 3.10). 
The first, which is currently available, was developed 
in 1999-2000 and released in 2001. It is based on the 
Karl Storz Heuwisser through-cutting forceps. The 
jaw was squared off to permit clean cutting of bony 
partitions at the skull base and the tip was lengthened 
from the bend in the shaft to the instrument tip to al¬ 
low it to reach into the frontal recess and frontal si¬ 
nus. Subsequent to this, two other sets have been de¬ 
signed by Karl Storz (which are not yet available) and 
have been developed with smaller, stronger jaws. One 
of the disadvantages of the first sets is that the jaw is 
not strong enough to bite through heavy bone. Con¬ 
sequently, they can be easily broken if used too ag¬ 
gressively. The tolerances of the “basket” or station¬ 
ary jaw and the movable jaw are necessarily wide to 
accommodate resection of bone. As a result, they do 
not cut soft tissue well unless it is still attached to a 
bony partition. 

The instrument tips of the second set are straight, 
i.e., in line with the shaft, whereas in the third set the 
jaws are bent at 45° to the shaft. This allows them to 
be used at an angle to the vertical insertion of the in¬ 
strument into the frontal recess. The shafts of all three 
sets are bent up at 77° and 90° to allow some latitude 
in differently shaped frontal recesses. 


Tips and Pearls 

Frontal sinus punches allow sharp removal of 
bony partitions or intact cell walls. The instru¬ 
ment should be passed behind the partition to 
be removed, ensuring that it is free-standing 
and not the skull base. The cell wall may then 
be engaged and punched out safely, care be¬ 
ing taken not to rock the instrument during 
closure. 


The fine tips of the frontal sinus punches are intend¬ 
ed for delicate dissection and removal of bone with its 
mucosa. If a mucosal covered partition is cut, the mu¬ 
cosa will be cut sharply without stripping. This allows 
precise removal of both bone and mucosa. The surgi¬ 
cal assistant must keep the tips of the instrument free 
of debris that may impede its delicate mechanism. It 
must be remembered that these instruments are not 
designed to be used on dense bone. 


Angled Microdebriders 


The introduction of microdebriders in rhinolog- 
ic surgery allowed a more rapid and efficient remov¬ 
al of bony partitions and mucosa. The initial debrid- 
ers had a straight shaft that did not lend them to use 
in the frontal recess, but they was widely used, espe¬ 
cially in the ethmoid complex. Manufacturers have 
overcome many design obstacles associated with an¬ 
gled debrider shafts and 40°, 60°, and 75° variations 
are now available. 

Although some authors have reported extensive 
use of angled microdebriders in the frontal recess [4], 
we feel that they must be used judiciously in this area. 
If they are employed here at all, they are most effec¬ 
tive in removing fragments of cell walls which have 
already been crushed or redundant mucosa that has 
had its underlying bone removed (generally by a com¬ 
bination of seekers, giraffes, or punches). 


Tips and Pearls 

■ The debrider allows little room for error as the 
bulky blades that rotate at high speed can in¬ 
advertently violate the skull base or lamina. 


Injuries to the orbit can quickly escalate with the use 
of the debrider. For instance, if use of nonpowered in¬ 
strumentation causes inadvertent disruption of the 
lamina papyracea, it is generally recognized and the 
dissection stopped preventing further intraorbital 
injury. This poses little risk to the eye. On the oth¬ 
er hand, if the microdebrider violates the medial or¬ 
bital wall, intraorbital contents can be drawn into the 
suction, and periosteum, orbital fat, intraorbital ves¬ 
sels, and even the medial rectus may be quickly re¬ 
sected. This could have results as grave as hematoma, 
diplopia, and blindness before the surgeon recognizes 
the lamina has been violated. To make matters worse, 
ophthalmologists have little success at correcting dip¬ 
lopia caused by microdebriders owing to the volume 
of medial rectus that is usually resected [9], 


Angled Drills 


Since the introduction of endoscopic sinus surgery, 
surgeons have searched for quick, efficient, and accu¬ 
rate ways to remove bone. Initial attempts to use oto¬ 
logic drills in the nasal and sinus cavities were diffi¬ 
cult owing to problems with visualization around the 
hand piece of the drill and the rapidly rotating shaft 
burning the vestibular skin. As sinus instrumentation 
improved, drills appeared to be too bulky and too ag- 
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gressive for routine use in the dissection of the para¬ 
nasal sinuses. 

As surgical advances allowed extended endoscop¬ 
ic management of inflammatory disease as well as si¬ 
nus and nasal neoplasms, more aggressive endoscop¬ 
ic procedures were developed. Eventually, procedures 
such as extended endoscopic frontal sinusotomy 
(Draf types lib and III) and transseptal frontal sinus¬ 


otomy [23] and endoscopic management of intracra¬ 
nial lesions were developed, which required the use of 
drills [6, 10, 22], These procedures often involve the 
removal of dense bone, especially the midline fron¬ 
tal sinus floor and skull base, for which a drill may be 
necessary. 

The straight drill cannot reach the frontal sinus. 
Ninety-degree drills (such as the Blokmanis varia- 
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tion of the dental drill) reach the anterior frontal si¬ 
nus ostium, which the straight drill cannot, but vi¬ 
sualization around the right-angle tip is very diffi¬ 
cult. Angled drills are now commercially available 
for the microdebrider hand piece and are easier to 
manipulate in the frontal recess. Gyrus (Bartlett, 
TN, USA) manufactures an angled drill with a shaft 
that is rotatable, but has a fixed tip. The angled drill 
made by Xomed (Jacksonville, FL, USA) has an in¬ 
dependently rotatable tip, but has a less ergonomic 
hand piece. The surgeon must be careful with the use 
of drills in order to avoid circumferential injury, as 
this leads to osteoneogenesis, scarring, and frontal 
recess stenosis [16]. 


Stereotactic Computer Assisted 
Navigation Instruments 


A full discussion of stereotactic computer assisted 
navigation or image guided surgery systems is beyond 
the scope of this chapter [8], These systems were ini¬ 
tially designed with the ability to correlate a patient’s 
anatomy with the computed tomography (CT) imag¬ 
es on a computer screen. The early systems tracked a 
simple probe that the surgeon intermittently inserted 
into the sinonasal cavity for reference. As the systems 
evolved, certain instruments and suctions were devel¬ 
oped that could be detected and tracked by the system 
in addition to the probes. This allowed the surgeon to 
correlate his or her anatomical location with the sinus 
CT images, while actively using an instrument or suc¬ 
tion without having to interrupt dissection, remove 
the instrument, aspirate blood to clear the field, and 
then insert the probe. 


Different systems have a different armamentari¬ 
um of instruments that can be tracked. Systems that 
rely on line of sight for tracking, such as BrainLab 
(Munich, Germany), Xomed (Jacksonville, FL, USA), 
and Stryker (Kalamazoo, MI, USA), allow a clamp- 
on reference array to be placed on almost any instru¬ 
ment. This allows the active tracking of multiple in¬ 
struments simultaneously. Actively tracking a fron¬ 
tal sinus curette can be very valuable while dissecting 
the frontal recess. Electromagnetic tracking systems, 
such as General Electric’s Instatrak (Boston, MA, 
USA), utilize a variety of proprietary straight and an¬ 
gled suctions and curettes attached to the system. The 
45° Fried and 90° Kuhn Instatrak suctions (Fig. 3.11) 
are key for tracking in the frontal recess with this sys¬ 
tem. These suctions all have a ball-tip at the end of the 
suction tube, which is used to register the suction to 
the headset. This tip also allows it to be used as a dis¬ 
sector to maneuver bone and mucosa within the si¬ 
nuses, particularly the frontal recess. Cranial pins al¬ 
low the electromagnetic transmitter (Fig. 3.12) or ref¬ 
erence array to be attached to the head and eliminate 
the headset or headband. 


Other Instrumentation 


There are several other instruments commonly used 
during frontal recess dissections that were not de¬ 
tailed in the previous sections. The frontal mushroom 
developed by Stammberger (Fig. 3.13) has a handle, 
shaft, and overall appearance similar to the frontal 
sinus giraffes; however, the distal tip is a mushroom 
punch. This is a through-cutting instrument that has 
the advantage of being able to work circumferentially, 









Frontal Sinus Instrumentation Chapter 3 


37 




which is especially important around the frontal si¬ 
nus ostium. Although it removes loose pieces of bone 
well, it is used on mucosa sparingly as it has the ten¬ 
dency to strip rather than cut. This could lead to cir¬ 
cumferential mucosal injury. 

The Rosa frontal Kerrison (Fig. 3.14) and Hose- 
mann frontal mushroom punches (Fig. 3.15) are more 
substantial instruments and can be used in the fron¬ 


tal recess to remove heavier bone than the more del¬ 
icate Kuhn frontal sinus punches and the frontal 
mushroom punch. These are commonly used to re¬ 
move osteitic bone from the frontal recess and may 
be used instead of drills during Draf type lib and III 
procedures [7]. 

Balloon catheters are the newest of the frontal si¬ 
nus instruments and are addressed in Chap. 25. 
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Conclusion 


- V 

The development of new frontal sinus instruments, 
techniques, and procedures has allowed a renais¬ 
sance of intranasal frontal sinus surgery to the ex¬ 
tent that it has virtually replaced all other frontal 
sinus surgical procedures over the last 15 years. 
The focus has shifted from the frontal sinus itself 
to the real source of frontal sinus disease, namely, 
the frontal recess - the frontal sinus drainage path¬ 
way. The rare instances where it is not sufficient are 
limited to those few patients who must be obliter¬ 
ated, reexplored after obliteration, have a frontal 
sinus tumor, or have some other lesion which can¬ 
not be reached from below. 


Endoscopic management of the frontal sinus has 
enabled therapies that preserve the function of 
the sinus rather than obliterate it. Keeping the te¬ 
nets of functional frontal sinus surgery in mind, 
instruments have been engineered to enable 
careful dissection of this area and to restore phys¬ 
iologic function while preserving the normal an¬ 
atomic structures. The application of these instru¬ 
ments and principles has expanded the realm of 
frontal sinus surgery to treat conditions otherthan 
chronic inflammatory disease and to decrease the 
need for external and open operations. 
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Injection and Anesthetic Techniques 

Subinoy Das, Brent A. Senior 


Core Messages 


Proper injection and anesthetic techniques 
are essential for enhancing visualization, 
minimizing complications, and maximizing 
patient outcomes. 

General anesthesia is preferred for most en¬ 
doscopic procedures. Good communication 
with the anesthesiologist is important for op¬ 
timizing the surgical field. 

Volatile anesthetics cause vasodilatation, 
which can increase bleeding and should be 
minimized. Total intravenous anesthesia 
may improve the surgical field and minimize 
postoperative nausea and vomiting. 

Heart rate is an independent variable which 
affects the surgical field. Preoperative and/ 
or intraoperative beta blockade may enhance 
visualization. 

Reverse Trendelenburg position reduces the 
intracranial mean arterial blood pressure 
without reducing cerebral perfusion pressure 
and may decrease bleeding. 

The intraoral greater palatine block, intrana¬ 
sal sphenopalatine block, and uncinate injec¬ 
tion is routinely used to minimize bleeding 
and postoperative pain. Topical anesthetics 
and/or decongestants should be used liber¬ 
ally. 

The surgeon holds the primary responsibility 
to minimize anesthetic complications for the 
patient. This includes the awareness of pa¬ 
tient allergies, maximal doses, contraindica¬ 
tions, and side effects of all materials admin¬ 
istered to the patient. 
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Introduction 


Proper anesthesia and injection techniques are critical to 
safely and effectively perform endoscopic sinus surgery. 
These techniques when used properly minimize pain 
and provide for maximal vasoconstriction. Mastery of 
and attention to these topics can significantly enhance 
the safety and quality of endoscopic sinus surgery. 


Anesthesia 


Endoscopic sinus surgery can be performed under lo¬ 
cal anesthesia with/without sedation or general anes¬ 
thesia. Local anesthesia with sedation avoids some of 
the risks inherent with general anesthesia, allows for 
monitoring of vision and pain, and may provide for 
an additional level of safety. Previous studies have re¬ 
ported that patients undergoing endoscopic sinus sur- 
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gery under local anesthesia with sedation have a satis¬ 
faction level comparable to that of patients receiving 
general anesthesia [15], Also, many surgeons report 
decreased bleeding and decreased operative times 
under local anesthesia compared with general anes¬ 
thesia [5]. However, modern general anesthetic tech¬ 
niques have improved considerably and remain the 
authors’ preference. Furthermore, general anesthesia 
is helpful when using computer-assisted navigation, 
as head movement may disrupt the reference head- 
bands for the guidance system. 

General anesthesia results in a state of total un¬ 
consciousness with resultant loss of airway reflexes, 
amnesia, and analgesia. Volatile agents are used for 
the maintenance phase of anesthesia; however, these 
agents cause vasodilatation, which is deleterious to 
the surgical field, particularly during endoscopic si¬ 
nus surgery. Techniques such as controlled hypoten¬ 
sion have been developed to assist in the surgical field; 
however, these are typically accomplished with high¬ 
er concentrations of these volatile agents, with resul¬ 
tant increased vasodilatation, rebound tachycardia, 
and equivocal effects on the quality of the surgical 
field. In addition, controlled hypotension poses a risk 
to end-organ function [9], 

In 1989, AstraZeneca Corporation introduced pro¬ 
pofol [16], the first of a new class of intravenous an¬ 
esthetics known as alkyl phenols. Propofol is an in¬ 
travenous sedative-hypnotic agent that can be used 
for the induction of general anesthesia as well as the 
maintenance of general anesthesia via a continuous 
infusion. 


Tips and Pearls 

Propofol induces arterial hypotension without 
significant reflex tachycardia but does not ap¬ 
pear to have the peripheral vasodilatory effects 
comparable with those of the volatile agents. 


In addition, propofol appears to cause less postoper¬ 
ative nausea and vomiting. However, propofol does 
cause pain on injection and it is delivered as a lipid 
emulsion; thus, strict aseptic technique must always 
be maintained to prevent a bloodstream infection. It 
also has a distribution half-life of 2-4 min, but it read¬ 
ily distributes to peripheral fat and has an elimination 
half-life of 2-4 h and therefore may build up in a pa¬ 
tient if used during a long operation. 

The advent of propofol and remifentanil, a very 
short-acting narcotic, and target-controlled infu¬ 
sion pumps, which greatly simplify maintenance of a 
steady blood level, allowed for the development of to¬ 
tal intravenous anesthesia (TIVA). TIVA is a form of 
general anesthesia and has many advantages over tra¬ 
ditional general anesthesia using volatile anesthetics 
[4]. 


Tips and Pearls 

Wormald et al. [17] performed a prospective, 
randomized, controlled trial comparing TIVA 
with traditional anesthesia with sevoflurane 
and found a significant improvement in a vali¬ 
dated grading system of the surgical field that 
was independent of heart rate or mean arterial 
blood pressure. As a result, the authors recom¬ 
mend the use of TIVA whenever deemed 
reasonable by the anesthesia team for each 
particular patient. 


In addition, multiple studies [1, 11] have confirmed 
the effect of heart rate on the surgical field, and have 
shown that beta-blocker premedication improves the 
surgical field. Placing the patient in the reverse Tren¬ 
delenburg position [14] also has been shown to reduce 
intracranial mean arterial blood pressure without 
reducing cerebral perfusion pressure. Therefore, the 
reverse Trendelenburg position is used in all of the 
authors’ procedures. 

As the field of anesthesiology continues to evolve, 
various strategies and protocols will emerge that pro¬ 
vide the optimal anesthesia for patients undergoing 
sinus surgery. Because of the profound effect that an¬ 
esthesia can have on the surgical field, it behooves the 
rhinologist to develop a close working relationship 
with their anesthesiology colleagues and remain in¬ 
formed of developments that affect sinus surgery. 


Local Anesthetics, Vasoconstrictors, 
and Injection Locations 


Local anesthetics [3] and vasoconstrictors [12] also 
play an important role in minimizing postoperative 
pain and improving the surgical field during endo¬ 
scopic sinus surgery. There are a myriad of mixtures 
and protocols used for local anesthesia and vasocon¬ 
striction. Two basic classes for local anesthetics ex¬ 
ist: the amino esters and the amino amides. Cocaine, 
a naturally occurring amino ester, was the first anes¬ 
thetic to be discovered and was introduced into Eu¬ 
rope in the 1800s. Lidocaine, an amino amide, is the 
most widely used cocaine derivative and was devel¬ 
oped during World War II. 

Amino esters and amino amides differ in several 
important aspects: 


Esters are metabolized in plasma via pseudo¬ 
cholinesterases, whereas amides are metabo¬ 
lized in the liver. 

Esters are unstable in solution, whereas amides 
are very stable. 
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Esters are more likely to cause true allergic re¬ 
actions. 


All esters and amides are vasodilators with the ex¬ 
ception of cocaine, which is a vasoconstrictor; thus, 
the combination of anesthesia and vasoconstriction 
makes cocaine an ideal anesthetic for intranasal sur¬ 
gery [6]. However, the euphoria and highly addictive 
nature of cocaine have made it one of the most wide¬ 
ly abused recreational drugs and thus made it illegal 
in most countries. As a result, cocaine is more diffi¬ 
cult to use for legitimate medical purposes. Cocaine 
is also known to cause cardiac arrhythmias and many 
have recommended its abandonment [10] and the use 
of safer mixtures. 

Epinephrine, a human adrenergic catecholamine, 
is commonly added to the local anesthetics at a va¬ 
riety of concentrations. Epinephrine induces periph¬ 
eral vascular resistance via alpha-receptor stimulat¬ 
ed vasoconstriction. The authors commonly use 1% 
lidocaine with 1:100,000 epinephrine for their local 
injections. 


Tips and Pearls 

Oxymetazoline is a potent alpha-agonist that 
causes rapid vasoconstriction of nasal arteri¬ 
oles, resulting in profound vasoconstriction 
with minimal systemic absorption. However, 
it causes rebound vasodilatation and therefore 
is physiologically addictive; repeated use can 
cause chemical dependence with diminishing 
effect. 


The greater palatine foramen injection [2] is an effec¬ 
tive method for controlling bleeding and providing 
anesthesia during paranasal sinus surgery; however, 
concerns for intraorbital and intracranial complica¬ 
tions have limited its widespread acceptance among 
sinus surgeons. The greater palatine foramen is locat¬ 
ed posteromedially to the third maxillary molar and 
anteromedially to the maxillary tuberosity and pter¬ 
ygoid hamulus. It is the opening to the greater pal¬ 
atine canal, which courses in a posterosuperior di¬ 
rection and leads superiorly into the pterygopalatine 
fossa. Here in the pterygopalatine fossa lies the inter¬ 
nal maxillary artery and its multiple branches which 
supply blood to the nose and paranasal sinuses. The 
closed space and bony walls of the pterygopalatine 
fossa make it readily amenable to local anesthesia. 

Multiple mechanisms of hemostasis are obtained 
with a greater palatine canal injection. These include: 


Epinephrine-induced vasoconstriction 
Mechanical tamponade of the vessels 


Parasympathetic block allowing unopposed 
sympathetic activity 


The optimal injection is delivered at the level of the 
sphenopalatine foramen, which corresponds to the 
level of the internal maxillary and sphenopalatine ar¬ 
teries. Superiorly, the pterygopalatine fossa is limit¬ 
ed by the anterior basal portion of the greater wing of 
the sphenoid bone. The inferior orbital fissure is locat¬ 
ed anterosuperiorly in the pterygopalatine fossa and 
contains orbital fat and fascia. The optic foramen lies 
approximately 2 cm above the inferior orbital fissure. 
The foramen rotundum is located posteriorly, supe¬ 
riorly, and laterally to the sphenopalatine foramen. 
The mean distance of the greater palatine foramen to 
the sphenopalatine foramen is 28 mm in men and 27 
mm in women. The mean distance of the greater pal¬ 
atine foramen to the inferior orbital fissure is 40 mm 
in men and 37 mm in women. 


Tips and Pearls 

The authors inject the greater palatine foramen 
at a conservative depth of 25 mm in all adults to 
minimize the risk of intraorbital penetration. 


The sphenopalatine foramen can also be injected 
transnasally [8], Here, the sphenopalatine artery and 
nerve pass interiorly into the nose. A combination of 
the sphenopalatine block with the greater palatine 
block leads to profound vasoconstriction in the pos¬ 
terior portion of the nasal cavity and significantly re¬ 
duces bleeding. 


Techniqui 


General Anesthesia 


Prior to the start of each operation, the overall anes¬ 
thetic plan is discussed with the anesthesiologist. In 
many cases, the anesthesiologist may be new or unfa¬ 
miliar with the specific issues involved in maintain¬ 
ing the surgical field during endoscopic sinus surgery. 
Developing a collegial relationship with the anesthesi¬ 
ologist is essential and is facilitated by sharing litera¬ 
ture reviewing the anesthetic issues involved with si¬ 
nus surgery. The vasodilatory effects of volatile anes¬ 
thetics and the merits of TIVA and beta blockade are 
discussed. The anesthesiologist then develops a plan 
customized for each individual patient. Monitors are 
provided for the anesthetist to view the surgical field 
so that the effects of intraoperative adjustments on the 
surgical field may be witnessed. This is important for 
enfranchising the anesthetist to the team approach for 
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optimizing the surgical field and so that they may learn 
from their intraoperative decisions. The patient is then 
placed in reverse Trendelenburg position, which ele¬ 
vates the head approximately 10-20°. 


Intraoral Greater Palatine Block 

The authors utilize bilateral greater palatine blocks 
(Fig. 4.1, Video 4.1) in nearly all cases as previous¬ 
ly described [2], A 3-ml aliquot of 1% lidocaine with 
1:100,000 epinephrine is drawn into a 3-ml Luer- 
lock syringe. Before obtaining this fluid, the expi¬ 
ration date and the proper concentration of the li¬ 
docaine and epinephrine on the stock container are 
confirmed by the surgeon. A 1.5-in. 25 gauge needle 
is measured with a ruler and bent at a 60° angle at a 
length of 25 mm for all adults. This needle is placed 
on the syringe. After the patient has been intubated 
and the bed turned, two tongue blades are placed in 
the mouth and used to palpate the hard palate-soft 
palate junction. The greater palatine foramen will be 
located just anterior to the border of this junction. It 
can often be seen as a subtle depression in the hard 
palate mucosa and/or can be palpated with a gloved 
finger. 


Tips and Pearls 

Although historically described as next to 
the second maxillary molar, the greater pala¬ 
tine foramen is next to the third molar ap¬ 
proximately 50% of the time. 


The needle is placed into the greater palatine foramen 
and advanced to the bend of the needle. Occasional¬ 
ly, the needle is marched anteriorly from the hard pal¬ 
ate border when the greater palatine foramen is diffi¬ 
cult to find. The needle is then aspirated for blood to 
prevent an intravascular injection. If no blood is ob¬ 
tained, then 1.5 ml of the anesthetic is delivered slow¬ 
ly to the canal. If the needle is properly placed, there 
is moderate resistance to the fluid being delivered into 
the canal. If there is very minimal resistance, it is like¬ 
ly that the needle went through the soft palate into the 
nasopharynx, and is not correctly placed in the ca¬ 
nal. The same procedure is repeated for the contra¬ 
lateral canal. 


Topical Decongestion with Oxymetazoline 

The patient’s nose is sprayed 1 h preoperatively with 
topical oxymetazoline. After the patient has been 
draped, a 0° rigid endoscope is immediately obtained, 



Fig. 4.1. Greater palatine injection 


and under endoscopic visualization, oxymetazoline- 
soaked cotton pledgets are placed anteriorly into each 
nasal cavity to decongest the nasal septum and turbi¬ 
nate mucosa. This is a critical step that is performed 
carefully under endoscopic visualization to prevent 
trauma to the septal mucosa or middle turbinate that 
can occur with blind placement of the pledgets. This 
prevents nuisance bleeding from an anterior muco¬ 
sal laceration that can seriously hamper an entire op¬ 
eration. After these pledgets have been placed, atten¬ 
tion is given to completing the preparation for the op¬ 
eration, including installing a camera and setting up 
a microdebrider. The authors routinely use an endo¬ 
scope irrigation system to wash away minor bleeding 
at the scope tip and always sit during the operation 
with an armrest for the left arm to help stabilize the 
scope. This also minimizes anterior nasal bleeding by 
reducing arm fatigue throughout the operation. Pled¬ 
gets are repositioned deeper into the nose as neces¬ 
sary. This is particularly valuable when it is initially 
necessary to medialize a turbinate. 


Sphenopalatine Injection 

The sphenopalatine foramen is then injected transna- 
sally posterior and superior to the horizontal portion 
of the basal lamella at the posterior aspect of the mid¬ 
dle turbinate (Fig. 4.2, Video 4.2). A solution of 1% 
lidocaine with 1:100,000 epinephrine is used. This is 
a technically difficult injection that is performed by 
placing a 30° bend in the first centimeter of a spinal 
needle or by using an angled tonsil needle. The tip of 
the needle is used to palpate the foramen. The nee¬ 
dle is placed in an upward and lateral direction and 
used to bleb up the mucosa adjacent to the spheno¬ 
palatine foramen. Typically, blanching of the epitheli¬ 
um is already seen by a properly injected greater pala- 
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Fig. 4.2. Sphenopalatine foramen injection Fig. 4.3. Uncinate process injection 


tine foramen block, and the sphenopalatine injection 
augments this blanching. If the foramen is unable to 
be reached, then a well-placed bleb near the foramen 
will diffuse to the foramen and cause vasospasm of 
the sphenopalatine branches. Alternatively, the in¬ 
jection can be placed medially at the rostrum of the 
septum between the middle turbinate and the inferi¬ 
or turbinate to minimize bleeding from the posteri¬ 
or nasal artery. 


Tips and Pearls 

As always, care should be taken to aspirate 
before injecting to prevent an intravascular 
injection. 


Lateral Nasal Wall Injections 

Next, the lateral nasal wall is injected with 1% lido- 
caine with 1:100,000 typically with a 25-gauge nee¬ 
dle with a slight bend at the tip. The optimal injection 
is superior and anterior to the anterior attachment of 
the middle turbinate. The inferior border of the mid¬ 
dle turbinate, the septum, the superior turbinate, and 
other supplemental injections are utilized depending 
on the disease process and type of operation. The un¬ 
cinate process is injected after topical oxymetazoline 
decongestion with 1% lidocaine with 1:100,000 epi¬ 
nephrine. Multiple spots along the uncinate process 
are typically injected (Fig. 4.3, Video 4.3). 


Tips and Pearls 

Using TIVA (with propofol and remifentanil) 
instead of volatile agents may enhance the 
surgical field. 

Control heart rate with beta blockade when¬ 
ever possible. 


Use reverse Trendelenburg position. 
Communicate and work together with the 
anesthesia team. Allow the anesthesiologist to 
watch the operation. 

For a greater palatine block, bend the needle at 
25 mm by 60°. 

The greater palatine foramen is commonly vis¬ 
ible and palpable. It is more commonly next to 
the third molar. 

Use a bent spinal needle or angled tonsil 
needle to perform the sphenopalatine block. 
Gently place topical pledgets initially under 
endoscopic visualization to prevent anterior 
nasal trauma. 

The maximal concentration of lidocaine is 4 
mg/kg without epinephrine and 7 mg/kg with 
epinephrine. 

The first signs of lidocaine toxicity mimic 
alcoholic inebriation. 


Complications 


General Anesthesia 


General anesthesia has significantly become safer ev¬ 
ery decade since Crawford W. Long first used ether 
in 1842. Currently, the risk of death attributable to 
general anesthesia is quoted at 1:10,000, though this 
combines elective surgeries and emergency surger¬ 
ies. Minor side effects of anesthesia are common, 
with sore throat in 25% of patients intubated, dizzi¬ 
ness and headaches in 15%, fever in 5-15%, and post¬ 
operative nausea and vomiting in 5-15%. TIVA ap¬ 
pears to cause less nausea and vomiting, but propo¬ 
fol carries the risk of pain with injection and a real 
sepsis risk due to the lipid emulsion used to deliver 
propofol. Other risks of anesthesia include malignant 
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hyperthermia, end-organ failure and/or stroke due to 
hypotension, loss of airway, cardiorespiratory anom¬ 
alies, and other severe morbidity. These risks should 
always be discussed and considered when performing 
elective surgery. 


Local Anesthesia 

Lidocaine toxicity is a result of high serum concentra¬ 
tions that cause central nervous system or cardiovas¬ 
cular reactions. Excessive blood concentrations can 
result from direct intravascular injection or from vas¬ 
cular absorption. The effect of lidocaine toxicity on 
the central nervous system is biphasic. First, inhibi¬ 
tory fibers are blocked, resulting in stimulation with 
tingling, numbness, mental status changes, and even¬ 
tually seizures. Eventually, excitatory pathways are 
also blocked, which can cause unconsciousness and 
respiratory depression and arrest. Cardiovascular ef¬ 
fects are from the effects on sodium channels in the 
heart which lead to arrhythmias. The first sign of tox¬ 
icity is CNS symptoms akin to alcoholic inebriation 
with lightheadedness, vertigo, and possible perioral 
tingling. Patients are treated by securing an airway, 
mechanical ventilation, and circulatory support. Sei¬ 
zures are controlled with benzodiazepines and succi- 
nylcholine. Arrhythmias are best treated with bretyli- 
um. The maximal dose of lidocaine (without intravas¬ 
cular injection) is between 2 and 4 mg/kg, with many 
individual factors affecting serum concentrations. 
Epinephrine limits lidocaine absorption owing to va¬ 
soconstriction. The maximal dose with epinephrine 
is typically 7 mg/kg. Lidocaine with epinephrine has 
a duration of approximately 4 h. Patients may rarely 
develop anaphylaxis to local anesthetics, though this 
is more common with esters. Cocaine has also been 
known to cause rare but severe cardiac arrhythmias 
with reported deaths. 


Greater Palatine Block 

The greater palatine canal leads to the sphenopalatine 
ganglion. Above this, the canal is superiorly bounded 
by the inferior orbital fissure. Injection into this ca¬ 
nal is safe; however, complications have been reported 
with very high doses of lidocaine. Sved et. al. [13] re¬ 
ported on their complication rate from this injection 
over 10 years in 101 patients. They used in some cases 
9 ml of 2% lidocaine with 1:100,000 epinephrine per 
greater palatine canal. They reported a 36% incidence 
of diplopia thought to be secondary from diffusion of 
anesthetic solution through the inferior orbital fis¬ 


sure with 12% of cases complaining of frank strabis¬ 
mus, a 10% incidence of ptosis thought to be second¬ 
ary from anesthesia of the oculomotor nerve, 11% in¬ 
cidence of anesthetic failures, and a 1% incidence of 
suspected neural trauma to the palatine nerves. All 
of these complications were transient, and no perma¬ 
nent complications were reported. This complication 
risk must be considered in light of the much great¬ 
er complication risk of performing endoscopic sinus 
surgery with poor visualization due to bleeding. 



Anesthesia and injection techniques are a critical 
component of performing endoscopic sinus sur¬ 
gery safely and effectively. A good working rela¬ 
tionship with the anesthesia team is important 
to develop the optimal surgical field. Following 


proper technique and exercising vigilance will 
prevent complications with these potent medi¬ 
cations. 
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Core Messages 


■ Accurate diagnosis of the site(s) of obstruc¬ 
tion in the preoperative evaluation is the key 
to formulating the appropriate surgical plan. 

■ Nasal endoscopy allows evaluation of the na¬ 
sal valve area with minimal distortion. 

■ Endoscopic surgical techniques allow im¬ 
proved illumination and visualization com¬ 
pared with traditional headlight methods 

■ Rhinomanometry and acoustic rhinometry 

often do not correlate with subjective com¬ 
plaints and are less clinically useful than 
physical examination and endoscopy . 
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Indications 

Symptoms of nasal obstruction with corre¬ 
sponding findings of septal deviation and/or 
turbinate hypertrophy 

Nasal septal deviation leading to impaired ac¬ 
cess to middle meatus for endoscopic sinus 
surgery 

Contact point headaches due to septal spurs 


Tips and Pearls 

Taking extra time to identify the subperichon- 
drial plane at the start of a septoplasty will 
minimize the bleeding during surgery. 

Early identification of a flap tear during septo¬ 
plasty can allow the surgeon to work beyond 
the tear without enlarging it further. 
Mucosa-preserving techniques for inferior 
turbinate reduction allow the physiologic 
properties of the turbinate to he maintained. 


Preoperative Evaluation 


Nasal septal and turbinate procedures are commonly 
performed for a variety of indications, including na¬ 
sal obstruction, need for surgical access during endo¬ 
scopic sinus surgery, and contact point headaches. 

In patients with complaints of nasal obstruction, 
accurate determination of the cause of the nasal ob¬ 
struction is critical in formulating a surgical plan. 
This is best accomplished by a combination of a thor¬ 
ough physical examination and nasal endoscopy. The 
evaluation begins with an external nasal examination 
in order to assess the structure and strength of the 
cartilaginous framework of the nose. A twisted exter¬ 
nal nasal deformity or weakness of the external or in- 
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ternal nasal valves may signify the need for adjunc¬ 
tive external nasal procedures in addition to planned 
endonasal approaches. Specifically, the internal nasal 
valve, which represents the narrowest region of the 
nasal airway, requires careful examination. Observa¬ 
tion during both gentle and forced respiration, in ad¬ 
dition to palpation of the upper and lower lateral car¬ 
tilages, may reveal nasal valve weakness. 

Anterior rhinoscopy and nasal endoscopy are inte¬ 
gral to the evaluation of patients with nasal obstruc¬ 
tion. 


Tips and Pearls 

Anterior rhinoscopy should be performed be¬ 
fore decongestants are applied in order to assess 
the inferior turbinates in their native state, 
which is necessary to evaluate the contribution 
of the turbinates to the patient’s nasal obstruc¬ 
tion. 


Caudal and anterior septal deviations can be readi¬ 
ly seen on anterior rhinoscopy; however, in patients 
with significant turbinate hypertrophy or septal de¬ 
viation, nasal endoscopy may be required to visualize 
the full extent of septal and turbinate anatomy. 

Rigid nasal endoscopy is an important part of the 
routine evaluation of patients with nasal obstruction. 
In addition to facilitating the diagnosis of more pos¬ 
terior septal and turbinate abnormalities, nasal en¬ 
doscopy allows detection of other obstructive causes 
such as polyposis or neoplasms. Rigid endoscopy also 
offers an excellent means for evaluating the nasal 
valve in its native state, without the distortion of the 
valve region that can occur when a nasal speculum is 
placed during anterior rhinoscopy. 

Patients undergoing endoscopic sinus surgery may 
require concurrent surgical treatment of the septum 
if middle meatal access is impaired owing to septal 
deviation. While it may be possible to work around 
a septal deviation after aggressive intraoperative de¬ 
congestion of the mucosa intraoperatively, one should 
consider that an uncorrected septal deviation may 
limit access for postoperative debridement and sur¬ 
veillance. 

Rhinomanometry and acoustic rhinometry are 
two tests of nasal function that can offer numerical 
measurements of nasal resistance and cross-sectional 
area, respectively. While these methods are reproduc¬ 
ible and scientifically valid, the clinical utility of these 
measures has been debated. Improvement in these 
objective parameters after septal and turbinate sur¬ 
gery has been demonstrated, but there has been poor 
correlation with patients’ subjective assessment of na¬ 
sal patency [13, 23, 28]. Owing to this lack of correla¬ 
tion, these measures are not routinely carried out in 
patients undergoing septal or turbinate surgery. 


Turbinate Reduction 


A variety of techniques have been used for inferior 
turbinate reduction. These include: 


Partial or complete turbinectomy 

Electrocautery 

Laser cautery and reduction 

Radiofrequency tissue reduction 

Submucosal reduction 

Turbinate lateralization via outfracture 


Varying degrees of success have been reported with 
these techniques. The authors’ preferred techniques for 
management of hypertrophic inferior turbinates is the 
combination of submucosal resection and turbinate 
outfracture. Many turbinate procedures can be per¬ 
formed in an office setting under local anesthesia [7]. 

Turbinate procedures may be subdivided into those 
procedures addressing soft-tissue aspects of turbinate 
hypertrophy, and those addressing bony aspects of 
turbinate hypertrophy. 


Soft-Tissue Reduction 
Submucosal Soft-Tissue Resection 

The technique of submucosal inferior turbinate resec¬ 
tion has been shown to lead to long-lasting improve¬ 
ment of nasal patency with a low risk of complications 
[19]. Elevation of a mucosal flap requires precise tech¬ 
nique to prevent flap perforations. The technique has 
been greatly facilitated by the introduction of special 
microdebrider blades designed specifically for sub¬ 
mucosal turbinate resection. 

Prior to initiating the procedure, the nose is de- 
congested and the inferior turbinate is infiltrat¬ 
ed with 1% lidocaine with epinephrine. Although 
the technique can be performed without an endo¬ 
scope, use of an endoscope greatly improves visual¬ 
ization. Microdebrider blades of 2 and 2.9 mm are 
available with a dissecting tip on the leading edge of 
the blade. The tip allows a stab incision to be made 
along the anterior aspect of the inferior turbinate. 
With the cutting face of the microdebrider blade 
facing laterally towards the turbinate bone, the tip 
of the blade can be used to dissect a submucosal flap. 
Dissection is performed along the lateral nasal wall 
and the medial and inferior aspects of the inferior 
turbinate. If special turbinate blades are not avail¬ 
able, the procedure may be performed with a stan¬ 
dard pediatric microdebrider blade. A stab incision 
is made with a no. 15 blade scalpel, and the mucosal 
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flap is developed with a Cottle elevator. The micro- 
debrider blade can then be introduced for submu¬ 
cosal resection. 

After flap elevation, the cutting face of the blade is 
turned towards the mucosal surface. The submucosal 
soft tissue is resected (Fig. 5.1b). 


Tips and Pearls 

In submucosal tissue resection, emphasis is 
placed on the anterior aspect of the turbinate 
and along the lateral nasal wall because these 
areas contribute the most to clinical nasal 
obstruction. 


Resection of the turbinate bone can also be accom¬ 
plished using this technique. When resection of a 
portion of the turbinate bone is planned, a subperi¬ 
osteal dissection is performed to facilitate resection 
of a portion of the bone [14], Placement of packing is 
not necessary. 

The microdebrider submucosal resection tech¬ 
nique has the advantage of allowing the surgeon to 
sculpt the turbinate, allowing accurate intraopera¬ 
tive assessment of the degree of reduction obtained 
[14], Preservation of the mucosa allows the functional 
properties of the turbinate to be maintained [19], Sub¬ 
mucosal resection may also be performed without the 
use of a microdebrider. 




Fig. 5.1. a Preoperative view of a hypertrophic inferior turbi¬ 
nate shows contact between the turbinate and nasal septum, 
b Intraoperative view shows microdebrider being used to 
perform submucosal resection of soft tissue along the medial 
and inferior aspects of the inferior turbinate, c Intraoperative 
view showing significant improvement in the nasal airway 
after microdebrider submucosal resection and turbinate 
lateralization 
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Thermal/Radiofrequency 
Soft-Tissue Reduction 


Another strategy to achieve tissue reduction of the 
inferior turbinates is through the delivery of exoge¬ 
nous electrical or radiofrequency energy to coagulate 
the submucosal soft tissue. Options include monopo¬ 
lar electrocautery, bipolar electrocautery, and radio¬ 
frequency tissue reduction (Somnoplasty* and Cobla¬ 
tion*). 

The goal of these techniques is to induce controlled 
submucosal coagulative necrosis that ultimately leads 
to fibrosis of the lesion, contracture, and tissue vol¬ 
ume reduction. 

Monopolar electrocautery is typically applied to a 
spinal needle inserted longitudinally into the submu¬ 
cosal tissue of the inferior turbinate. Cautery is ap¬ 
plied as the needle is slowly withdrawn [5]. Special 
hand pieces are available for bipolar electrocautery 
and radiofrequency reduction of the inferior turbi¬ 
nates. In each of these techniques, the probe is insert¬ 
ed in a submucosal plane in order to achieve reduction 
of targeted portions of the inferior turbinate. Because 
the maximal temperatures produced using radiofre¬ 
quency are much lower than those produced using 
electrocautery, the risk of thermal injury to the over- 
lying mucosa is decreased [2], Some radiofrequency 
devices (Somnus Medical Technologies, Bartlett, TN, 
USA) allow for quantification of the energy delivered 
in joules. Advantages of thermal and radiofrequency 
soft-tissue reduction include a mucosal-sparing tech¬ 
nique, and good patient tolerance under local anes¬ 
thesia. Short-term results demonstrate clinical effica¬ 
cy. Disadvantages include the possibility of mucosal 
injury if excessive energy is applied, and the relative 
lack of efficacy data in long-term results. 

Laser techniques using C0 2 , Nd:YAG, KTP, and 
argon lasers have also been used for inferior turbi¬ 
nate reduction [4], These techniques involve the sur¬ 
face coagulation of soft tissue using a variety of la¬ 
ser hand pieces adapted for intranasal use. Although 
laser techniques can be performed with little patient 
discomfort, they involve significant mucosal injury 
and thus may be potentially disruptive of turbinate 
function [21], 


Bone Reduction 

Inferior Turbinate Lateralization 

While typically insufficient as a standalone proce¬ 
dure, turbinate lateralization by outfracture can be 
an excellent complement to soft-tissue reduction in 
improving nasal airway patency. A Boies elevator is 


used to direct force laterally and inferiorly along the 
attachment of the inferior turbinate to the lateral na¬ 
sal wall. Successful displacement is typically noted by 
audible fracturing of the turbinate bone. To avoid a 
greenstick fracture, it can occasionally be helpful to 
first infracture the turbinate by placing the elevator in 
the inferior meatus, then medializing the turbinate. 
Subsequent outfracture will typically be more thor¬ 
ough and secure. Adding inferior turbinate lateraliza¬ 
tion to submucosal resection has been shown to lead 
to improved long-term results [19], Figure 5.1a and c 
shows the preoperative and immediate postoperative 
views in a patient treated with the combination of mi- 
crodebrider submucosal resection and turbinate lat¬ 
eralization. 


Submucosal Bone Resection 


In patients with hypertrophic or osteitic inferior tur¬ 
binate bone, submucosal resection of the bone may be 
indicated. A longitudinal incision along the ventral 
aspect of the turbinate allows elevation of the medial 
turbinate mucosa and exposure of the turbinate bone. 
Since elevation of mucosa lateral to the turbinate bone 
may be difficult, some authors have described resec¬ 
tion of the turbinate bone and lateral turbinate muco¬ 
sa. The preserved medial mucosa is then used to cov¬ 
er the turbinate remnant [1]. 


It maybe beneficial to reserve full-thickness resection 
techniques for patients who have failed more conser¬ 
vative methods of reduction. 


Turbinectomy 


Various forms of partial or complete inferior turbi¬ 
nate resection have been described [26], Most involve 
resection of the full thickness of the turbinate us¬ 
ing heavy scissors. One may expect prolonged crust¬ 
ing during the postoperative period, owing to the ex¬ 
posed bone resulting from full-thickness resection. 


Tips and Pearls 

While conservative resection of the anterior- 
most aspect of the inferior turbinate is unlikely 
to result in adverse sequelae, complete turbi¬ 
nate resection may be associated with untow¬ 
ard outcomes, including atrophic rhinitis and 
paradoxical nasal obstruction. 
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Results 

High success rates have been reported using the en¬ 
tire gamut of turbinate reduction methods [4, 5, 8,17, 
20, 26]; however, few studies have directly compared 
results using the different methods of reduction. Pas- 
sali et al. [19] performed a prospective randomized 
clinical trial comparing different methods of inferi¬ 
or turbinate reduction. The authors enrolled 382 pa¬ 
tients who underwent inferior turbinate reduction by 
one of the following procedures: turbinectomy, laser 
cautery, electrocautery, cryotherapy, submucosal re¬ 
section, and submucosal resection with lateral dis¬ 
placement. 

On the basis of this work, the authors found that 
submucosal resection combined with lateral displace¬ 
ment of the turbinates led to the greatest symptomat¬ 
ic improvement. 

Furthermore, patients with submucosal reduction 
achieved values closest to normal with regard to mea¬ 
sures of nasal physiology. 

In general, preservation of turbinate mucosa is de¬ 
sirable. The surgical techniques of turbinectomy, laser 
cautery, surface electrocautery, and cryotherapy can 
lead to significant mucosal injury and damage. Use of 
these types of techniques has been shown to lead to 
greater disruption of nasal physiology in comparison 
with mucosa-preserving techniques [19, 21], 

Cavaliere et al. [2] presented data on short-term 
follow-up of two different surgical techniques used 
for turbinate reduction. One group of patients under¬ 
went submucosal resection of a portion of the turbi¬ 
nate bone under microscopic visualization. The oth¬ 
er group underwent radiofrequency volumetric tis¬ 
sue reduction of the inferior turbinates. The authors 
found significant improvement in nasal obstruction 
in both groups. The submucosal resection group had 
a temporary increase in mucociliary transport time, 
but both groups had normalization of the transport 
time at 1 month follow-up. 


Complications 

Aggressive resection of the inferior turbinates using 
techniques that sacrifice turbinate mucosa has been 
associated with atrophic rhinitis. This is character¬ 
ized by excessive nasal crusting, malodorous rhinor- 
rhea, and paradoxical complaints of nasal obstruc¬ 
tion. 


Tips and Pearls 

Of 190 cases of secondary atrophic rhinitis, 
Moore and Kern [16] found that 80% were as¬ 


sociated with a prior history of partial or com¬ 
plete inferior turbinectomy. 


The safety of aggressive turbinate resections has been 
debated in the literature, with reports on the inci¬ 
dence of crusting and atrophic rhinitis varying from 
3 to 89% of patients undergoing total inferior turbi¬ 
nectomy [16, 26]. Despite this controversy, most au¬ 
thors agree that there is greater disruption of nasal 
physiology with more extensive resections. Impair¬ 
ment of the functional properties of the turbinates 
has been demonstrated by increased mucociliary 
transport times and lower secretory Immunoglobu¬ 
lin A concentrations with aggressive mucosal resec¬ 
tion techniques [19, 21], Modern surgical techniques 
that emphasize mucosal preservation allow less dis¬ 
ruption of physiologic function, and allow the risk of 
atrophic rhinitis to be minimized. 

The risk of bleeding in patients undergoing tur¬ 
binate reduction varies depending on the technique 
used. The risk has been reported to be highest with la¬ 
ser reduction, with rates as high as 16% [6], The rates 
of bleeding for turbinectomy and submucosal resec¬ 
tion have been reported to be 1-2% [6,26], Submuco¬ 
sal thermal reduction methods have even lower risk 
of bleeding because of their minimally invasive na¬ 
ture. 


Septoplasty 


Nasal septal deviation is a frequent cause of nasal ob¬ 
struction. Surgical correction by means of a septo¬ 
plasty allows for definitive treatment. An adequate 
knowledge of nasal and septal anatomy is very impor¬ 
tant in understanding the surgical techniques used 
for correction. 

The nasal septum consists of cartilaginous and 
bony components. The anterior aspect of the nasal 
septum is composed of the quadrangular cartilage. 
The bony components of the septum include the per¬ 
pendicular plate of the ethmoid bone superiorly, the 
maxillary crest anteroinferiorly, and the vomer and 
perpendicular portion of the palatine bone postero- 
inferiorly. 

The cartilaginous and bony structural components 
of the septum are lined by perichondrium or perios¬ 
teum, and a layer of respiratory mucosa. Dissection 
during septoplasty is performed in the subperichon- 
drial and subperiosteal planes to allow an avascular 
plane of dissection. In addition, subperichondrial and 
subperiosteal dissection allows maximal preservation 
of flap strength and blood supply [10], 

The quadrangular cartilage articulates with the 
maxillary crest and the vomer inferiorly. At the ar- 
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ticulation of the cartilage to these bony components 
of the septum, the mucoperichondrial layer and the 
mucoperiosteal layer are not contiguous owing to the 
presence of dense decussating fibers. The perichon¬ 
drium and periosteum each pass around the edge of 
the cartilage or bone, remaining continuous with the 
corresponding layer from the opposite side. For that 
reason, it is often difficult to extend the dissection in¬ 
teriorly over the region of the maxillary crest and the 
vomer. Because spurs and deviations often occur at 
the junction of the cartilage and these bony compo¬ 
nents, it is frequently necessary to carry the dissec¬ 
tion beyond these regions. This requires sharp dissec¬ 
tion through the decussating fibers. 

The quadrangular cartilage is an important con¬ 
tributor to nasal dorsum and tip support. In perform¬ 
ing nasal septal surgery, it is important to preserve 
adequate amounts of the cartilage to prevent loss of 
nasal dorsum and tip support. It is traditional to pre¬ 
serve at least a 1-cm dorsal and caudal strut of carti¬ 
lage to prevent tip collapse. 


Surgical Technique 

Septoplasty has traditionally been performed using a 
headlight. Advances in endoscopic techniques have 
allowed the use of the endoscope in performing sep¬ 
toplasty, leading to improved illumination and mag¬ 
nification. 

Both the endoscopic and the nonendoscopic tech¬ 
niques start in a similar fashion. A hemitransfixion 
incision (along the caudal margin of the septal car¬ 
tilage) or a Killian incision (10-15 mm posterior and 
parallel to the caudal margin) is used. The incision is 
carried through the mucosa, underlying soft tissue, 
and perichondrium to identify the subperichondrial 
plane. After the mucoperichondrial flap has been el¬ 
evated 1-2 cm, the endoscope may be introduced un¬ 
der the flap to continue elevation further posteriorly. 
The use of a scope irrigator and suction Freer elevator 
can facilitate dissection by helping to clear blood in 
the field. The endoscope can sometimes give the sur¬ 
geon a narrow field of vision, so it is important to ele¬ 
vate broadly enough to obtain adequate superior and 
inferior exposure. When an endoscopic approach is 
used, the initial hemitransfixion incision and flap el¬ 
evation are performed on the side of the greater sep¬ 
tal deviation. 

If the septal deviation involves a portion of the car¬ 
tilaginous septum, selective resection of the quadran¬ 
gular cartilage is performed. Care must be taken to 
retain an adequate dorsal and caudal strut of septal 
cartilage to prevent alteration of the nasal tip support 
mechanisms. After the cartilage is incised with a Fre¬ 
er elevator just anterior to the site of the deviation, 


flap elevation is continued on the contralateral side in 
a similar subperichondrial plane (Fig. 5.2). Flap ele¬ 
vation is continued until the deviated portions of the 
cartilaginous and bony septum are adequately ex¬ 
posed. A sharp Freer elevator is helpful to disarticu¬ 
late the bony-cartilaginous junctions at the margins 
of the quadrangular cartilage. Deviations are com¬ 
monly identified at the junction between quadrangu¬ 
lar cartilage and the perpendicular plate of the eth¬ 
moid, but deflections can also occur at the junctional 
zones with the vomer and the maxillary crest. 

The deviated portions of the septum can then be 
removed using a variety of instruments. Endoscopic 
scissors and Jansen Middleton forceps allow cuts to 
be made superiorly and inferiorly along the exposed 
portion of the septal cartilage and bone. The piece can 
then be removed using Takahashi forceps. 


Tips and Pearls 

□ It is important to use cutting instruments supe¬ 
riorly in the region of the perpendicular plate of 
the ethmoid bone because excessive manipula¬ 
tion in this area can potentially disrupt the 
integrity of the skull base and result in CSF 
leak. 


Since the bony septum does not provide significant 
structural support to the nasal dorsum and tip, large 
portions of the bony septum can be resected without 
adverse sequelae. 

Alternatives to cartilage resection include cartilage 
scoring and shaving. In some patients, release of the 
cartilaginous septum from its bony articulations and 
perichondrial attachments allows for release of the 
forces contributing to the deviation of the cartilage. 
In these instances, the cartilage deviation may resolve 
after the cartilage is disarticulated from its bony at¬ 
tachments. In other instances, scoring may be neces¬ 
sary even after releasing these attachments. Scoring 
of the cartilage can be performed along the concave 
side of the cartilage. This may allow straightening of a 
curved portion of the cartilage. 

It is important to remember that the periosteum 
over the maxillary crest is divided from the perichon¬ 
drium of the quadrangular cartilage by thick decus¬ 
sating fibers. Thus, in order to address deformities in¬ 
volving the maxillary crest, flap dissection must be 
carried through the decussating fibers to the floor of 
the nasal cavity. Alternatively, the classic “two tun¬ 
nel” technique may be used to approach prominent 
spurs along the maxillary crest. In this technique, a 
superior “tunnel” is elevated over the cartilaginous 
septum above the spur, and a second tunnel is elevat¬ 
ed below the spur, along the nasal floor and the inferi¬ 
or aspect of the maxillary crest. The dissection is then 
joined at the apex of the spur, with great care being 
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Fig. 5.2. a Endoscopic view of incision of the septal cartilage 
just anterior to the bony-cartilaginous junction, b After in¬ 
cising the cartilage, mucoperichondrial flap elevation is per¬ 


formed on the contralateral side in order to isolate the deviated 
portions of the septal cartilage and bone 


taken to avoid tearing the thin mucosa overlying the 
apex of the spur (Fig. 5.3). The maxillary crest bone is 
often very thick, and may be difficult to remove. Af¬ 
ter elevation of bilateral mucoperiosteal flaps, it can 
be helpful to use a small osteotome or rongeurs to re¬ 
move the deviated portions of the crest. 

After the deviated portions of the bony and carti¬ 
laginous septum have been addressed, the hemitrans- 
fixion (or Killian) incision is closed using a plain gut 
suture. A variety of packs and splints have been de¬ 
scribed for use after septoplasty, but in the authors’ 
experience these can be avoided by using a quilting 
suture to reapproximate the flaps. A plain gut suture 
on a straight Keith needle is used as the quilting su¬ 
ture. This suture decreases the likelihood of blood 
collection between the septal flaps, and allows the pa¬ 
tient to recover without the burden of nasal packing. 


Isolated Septal Deflections 

Endoscopic techniques are particularly helpful in 
addressing isolated septal deformities. Occasional¬ 
ly, septoplasty may be required to address a solitary 
septal deflection at the bony-cartilaginous junction at 
the perpendicular plate of the ethmoid. In such cases, 
a limited endoscopic septoplasty may be performed 
to minimize soft-tissue dissection and operative mor¬ 
bidity. A vertical septal incision may be placed along 
the mucosa immediately anterior to the septal deflec¬ 
tion. A limited perichondrial flap can then be raised 
to isolate and resect the bony-cartilaginous deviation, 


subsequently laying the flap back to its native posi¬ 
tion. A single plain gut mattress suture, or no suture, 
is typically sufficient for closure. 

The endoscopic technique is also useful if an iso¬ 
lated septal spur is to be addressed. An incision can 
be made longitudinally along the apex of the spur, 
without the need for a caudal septal incision. Flaps 
are then elevated superiorly and inferiorly to ex¬ 
pose the spur. Resection can be performed using 
through-cutting sinus instruments, an osteotome 
along the base of the spur, or powered instruments. 
Typically, there is enough redundancy of the over- 
lying mucosal flaps after spur removal that the flaps 
cover the surgical defect well when laid back down. 
Suturing is not required if the flaps are well approx¬ 
imated [9], 


Caudal Septal Deviation 


Deviation of the caudal septum can contribute signif¬ 
icantly to nasal obstruction. 


Tips and Pearls 

Deviations in this area can be difficult to 
manage, and generally cannot he addressed 
adequately via endoscopic techniques [3], 


Caudal septal deviations are best treated using tradi¬ 
tional septoplasty techniques, sometimes in conjunc¬ 
tion with endonasal or open rhinoplasty approaches. 
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Resection of cartilage in this area must be performed 
with caution given the contribution of this area to na¬ 
sal tip support. 

A variety of techniques have been described to deal 
with caudal deformities. It may be useful to expose 
the entire caudal aspect of the septum via a transfix¬ 
ion incision. Elevation of bilateral mucoperichondrial 
flaps allows the entire caudal portion of the septum to 
be exposed. After the cartilage is exposed, several op¬ 
tions are available to treat the deviation. 

In some cases, the caudal aspect of the septum 
is scrolled, where the scrolled portion does may not 
contribute significantly to tip support. In such cases, 
conservative resection of the scrolled portion may be 
adequate in relieving the caudal deviation. Deviation 
of the caudal strut due to excess length may be man¬ 
aged by shortening the caudal septal strut, allowing it 


to rest at the midline along the nasal spine [22], The 
cartilaginous strut can then be secured to the spine 
with suture to stabilize it in its new position. Some 
authors have advocated the creation of a “groove” be¬ 
tween the medial crura into which the caudal septum 
can be anchored [12], Surgical manipulation of the 
caudal septum may lead to changes in nasal appear¬ 
ance, and thus it is important to counsel patients with 
caudal deviations prospectively about possible aes¬ 
thetic outcomes. 


Nasal Valve 

The internal nasal valve, comprising the angle be¬ 
tween the septum and the caudal border of the up- 
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per lateral cartilage, is the narrowest aspect of the na¬ 
sal airway and is a primary site of nasal airway resis¬ 
tance. Preoperative evaluation of the integrity of the 
nasal valve is important to determine whether con¬ 
current surgical correction of the nasal valve will be 
needed. A thorough discussion of nasal valve proce¬ 
dures is beyond the scope of this chapter; techniques 
available for the management of the nasal valve in¬ 
clude the placement of spreader grafts, batten grafts, 
onlay butterfly grafts, or flaring sutures. Management 
of high septal deviations in the region of the nasal 
valve can be difficult because resection of cartilage in 
this region may compromise dorsal and caudal sup¬ 
port. Cartilage shaving and scoring techniques may 
allow correction without significant cartilage resec¬ 
tion. 


Results 

Many studies have found septoplasty to be effective 
in the treatment of nasal obstruction [20], There has 
been poor correlation between subjective perception 
of nasal airflow and objective measures of nasal re¬ 
sistance and cross-sectional areas [24]; therefore, pa¬ 
tient-reported outcomes of symptom improvement 
may be the best indicators of success in septal and 
turbinate surgery. For a variety of outcome measures, 
success rates for septoplasty have been reported to 
range from 63 to 85% [20, 24], 

Siegel et al. [24] compared preoperative and post¬ 
operative quality-of-life scores in patients who un¬ 
derwent septoplasty. In their study of 93 patients, 
these authors found statistically significant improve¬ 
ments in nasal specific health as measured by the Na¬ 
sal Health Survey. No significant changes were found 
in preoperative and postoperative general health sta¬ 
tus scores. A multi-institutional study using a vali¬ 
dated outcomes instrument [nasal obstruction septo¬ 
plasty effectiveness (NOSE) scale] showed significant 
improvement in symptoms of nasal obstruction in 
patients who had undergone septal surgery. Patients 
underwent either septoplasty alone or septoplasty 
in conjunction with turbinate reduction. Statistical¬ 
ly significant improvements were found in symptom 
scores for patients in both groups [25], The authors 
reported that 94% of their patients were pleased with 
the results of the surgery. 

Hwang et al. [9] reviewed 111 cases of endoscop¬ 
ic septoplasty, and found complications to be rare. 
The authors felt the endoscopic approach allowed 
improved visualization and was a valuable teach¬ 
ing tool when compared with traditional headlight 
septoplasty. In addition, the ability to place inci¬ 
sions adjacent to sites of focal deviation and spurs 
allows the surgeon to reduce the amount of mucosal 


elevation and disruption. Dolan [3] compared the 
techniques of endoscopic septoplasty and tradition¬ 
al septoplasty. The efficacy and complication rates 
were found to be equivalent between the two types 
of techniques. 

Surgical intervention for contact point headaches 
has also been shown to be successful. A study assess¬ 
ing long-term outcomes in patients who underwent 
surgical management of contact point headaches re¬ 
vealed significant improvement in 85% of patients at 
2 years and 65% of patients at 10 years after surgery 
[27], Because contact points may be due to factors 
other than septal deviations and spurs, accurate pre¬ 
operative examination and patient selection are im¬ 
portant factors when considering surgical interven¬ 
tion for these patients. 


Complications 


Tears of the mucosal flaps occur most frequently at 
the sites of septal spurs. An important factor in man¬ 
agement of mucosal tears is early intraoperative iden¬ 
tification. In our experience, the magnification pro¬ 
vided by endoscopic techniques allows identification 
of any tears when they are very small. This can allow 
the surgeon to elevate beyond the tear without enlarg¬ 
ing it further. Early identification will also allow the 
surgeon to take additional care in avoiding an adja¬ 
cent tear on the contralateral side. 

Septal perforations most commonly occur when 
there are corresponding tears in both flaps at sites 
where the intervening cartilage or bone has been re¬ 
moved. When opposing flap tears are noted during 
surgery, repair using absorbable suture can be per¬ 
formed to decrease the risk of long-term perforation. 
Placement of cartilage between the torn portions of 
the flaps also helps to decrease the likelihood of a per¬ 
foration [11], Perforation rates have been reported to 
be as high as 9% for submucous resection techniques. 
With modern cartilage-preserving techniques, the 
rate has been reported as being much lower, at ap¬ 
proximately 1% [15]. 

Aggressive resection of septal cartilage can lead to 
impaired support to the nasal dorsum and tip. Cur¬ 
rent surgical techniques emphasize conservative re¬ 
section of cartilage, decreasing this risk. The risk of 
postoperative bleeding significant enough to require 
intervention is low in patients undergoing septoplas¬ 
ty alone, and has been reported as less than 1% [15]. 
Less common risks of septoplasty include septal he¬ 
matoma and CSF leak [18]. Use of quilting sutures or 
splints may help decrease the likelihood of hemato¬ 
ma formation. Hematomas may progress to septal ab¬ 
scess and may lead to cartilage necrosis, so early rec¬ 
ognition and drainage is very important. 
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The complications of septoplasty can be summarized 
as follows: 


Septal perforation 
Bleeding 
Septal hematoma 
a Septal abscess 

Loss of nasal dorsum and tip support 
■ CSF leak 


Postoperative Management 


Septoplasty and turbinate reduction procedures are 
performed on an outpatient basis, with patients be¬ 
ing discharged after a short recovery period. Since 
we do not use packing or splints routinely, we advise 
patients to expect small amounts of bloody drainage 
over the first few days. Saline nasal irrigations begun 
on the first postoperative day can help to clear clots 
and to minimize formation of crusts. The first office 
visit occurs 1 week postoperatively. At this visit, na¬ 
sal endoscopy is performed. There is often persistent 
septal and turbinate edema, but early improvement in 
the patency of the nasal airway is usually evident. Pa¬ 
tients who have undergone septal or turbinate proce¬ 
dures alone generally do not need significant debride¬ 
ment in the postoperative period. In rare instances, 
there may be synechia formation between the septum 
and inferior turbinates. These can be easily divided 
using through-cutting forceps or suction tips. Pa¬ 
tients who have undergone concurrent sinus surgery 
may undergo more extensive debridement of their si¬ 
nus cavities. By 4 weeks postoperatively, patients may 
expect to notice symptomatic improvement, and en¬ 
doscopic examination will typically reveal an im¬ 
proved nasal airway with macroscopic resolution of 
mucosal edema. 
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Core Messages 


■ The concept of ostiomeatal complex (OMC) 
obstruction as the underlying etiologic factor 
in the development of rhinosinusitis has been 
well established in the literature [5,17]. 

■ As the OMC is the final common drainage 
pathway for the maxillary, anterior ethmoid, 
and frontal sinuses, adequate ventilation and 
continued patency of this area is paramount 
in maintaining physiologic drainage of these 
sinuses. 

■ Preoperative review of the paranasal sinus 
(PNS) computed tomography (CT) scans for 
the relevant anatomy is paramount in surgi¬ 
cal planning. 

■ Adequate decongestion, vasoconstriction, 
and relative hypotension during surgery are 
critical for maintaining a dry operative field 
for proper visualization. 

■ Intraoperatively the surgeon should define 
the lateral (lamina papyracea), medial (mid¬ 
dle turbinate), and superior (skull base) lim¬ 
its of dissection. 

■ The angle and plane of dissection should be 
at the level of the orbital floor when proceed¬ 
ing posteriorly toward the face of the sphe¬ 
noid sinus. 

■ Palpate behind vertically oriented ethmoid 
bony partitions prior to removal in order to 
distinguish them from the skull base. 

■ The skull base is identified by its relatively in¬ 
creased thickness, solid feel, smooth contour, 
and whiter bone color. 
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Preoperative Preparation 


Preoperative preparation includes: 


Antibiotics 
Steroids 
CT PNS 

Management of allergic rhinitis and comorbid 
nasal conditions 

Stopping aspirin, nonsteroidal anti-inflam¬ 
matory agents (NSAIDS), and anticoagulant 
vitamin supplements 


Before being considered a candidate for endoscopic 
sinus surgery, a patient should have failed “maximal 
medical therapy,” the definition of which may vary 
among practitioners, and is beyond the scope of this 
chapter. Once a decision to proceed with surgery has 
been made, preoperative management generally con¬ 
sists of the following: 


Antibiotics: Preoperative antibiotics are admin¬ 
istered in cases where mucopurulent drainage 
is present, or if antibiotic prophylaxis is medi¬ 
cally indicated. Amoxicillin/clavulanate 
(Augmentin) for 5-7 days, or a cephalosporin 
or quinolone is generally prescribed. 

Steroids: In an attempt to reduce mucosal in¬ 
flammation, preoperative oral steroids (30-50 
mg Prednisone daily for 3-5 days) are used in 
cases of nasal polyposis, or significant polyp¬ 
oid/hyperplastic mucosal disease. In patients 
with reactive lower airway disease (asthma), 
preoperative steroids are prescribed as per the 
recommendations of the patient’s primary care 
physician or pulmonologist. 

CT PNS: Indications for the use of intraopera¬ 
tive image guidance are discussed elsewhere in 
this textbook. If a decision is made to perform 
computer-assisted sinus surgery, a CT scan is 
obtained using the protocol appropriate for 
the image guidance system. In all cases, 3 mm 
coronal images through the PNS are obtained, 
and must be present in the operating room. 
Sagittal reformatted images of the frontal 
sinus outflow tract are obtained when endo¬ 
scopic frontal sinusotomy is planned. 
Management of allergic rhinitis and comorbid 
nasal conditions: When present, allergic rhinitis 
and other comorbid nasal conditions must be 
properly treated as part of appropriate “maxi¬ 
mal medical therapy.” 

Stopping aspirin, NSAIDS, and anticoagulant 
vitamin supplements: Any nonessential medi¬ 


cations which might contribute to bleeding 
and impair visualization are stopped 10 days 
prior to surgery. Patients requiring anticoagu¬ 
lation therapy are managed in accordance the 
recommendations of the treating physician. 


Endoscopic Middle Meatal Antrostomy 


Indications 


Isolated chronic maxillary sinusitis or compli¬ 
cated acute maxillary sinusitis 
In conjunction with an anterior ethmoidec- 
tomy for disease of the OMC 
Endoscopic visualization of maxillary sinus for 
biopsy or surgical management of a maxillary 
sinus or OMC tumor 

Approach to pterygomaxillary space or orbital 
floor 


Relative Contraindications 


Aplastic or markedly hypoplastic maxillary si- 
Vascular lesions 

Abnormalities within the anteroinferior or 
lateral quadrants of the maxillary sinus unable 
to he accessed by angled telescopes or instru¬ 
ments 

Dehiscent orbital floor or lamina papyracea 
with evidence of fat or rectus muscle protru¬ 
sion 

Advanced noninflammatory disease 
Medical contraindications to elective anesthe¬ 
sia/surgery 


Technique 


The technique is demonstrated in Video 6.1. 

Tips and Pearls 

1. Review the preoperative PNS CT scans. 

(a) Identify the superior attachment of the 
uncinate process (skull base, lamina papy¬ 
racea, or middle turbinate). 

(b) Identify the position of orbital floor relative 
to the maxillary ostium, and the attach¬ 
ment of the inferior turbinate (i.e., the 
“height” of the infundibulum). 
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(c) If there is previous trauma, be mindful of a 
dehiscent or displaced infraorbital nerve. 

(d) Identify the anterior ethmoid artery tra¬ 
versing the skull base from the orbit. 

(e) Identify septal deviations or spurs narrow¬ 
ing the OMC. 

(f) Inspect the lamina, and the skull base for 
any area of dehiscence, particularly if there 
is a history of prior surgery or trauma, and 
in cases of sinus neoplasm, mulocele, al¬ 
lergic fungal sinusitis, or long standing 
sinonasal polyposis. 

(g) Evaluate for the presence of an infraorbital 
ethmoid cell (halier cell). 

2. Decongest the turbinates and anesthetize the 
lateral nasal wall (see Chap. 4). 

3. Gently medialize the middle turbinate using a 
Freer elevator. 

4. Retract the uncinate anteriorly using the 
angled end of a Woodsen elevator and incise 
the mucosa of the uncinate process along its 
anterior attachment to the lateral nasal wall in 
a posteroinferior to anterosuperior direction. 

5. Detach the uncinate from its posteroinferior 
attachment using straight through-cutting 
forceps or endoscopic scissors. Remove the 
uncinate process using 45° up-biting forceps 
and a gentle rocking motion from anterosupe¬ 
rior to posteroinferior. 

6. Visualize the maxillary sinus ostium, bulla 
ethmoidalis, and orbital floor using a 30° rigid 
fiberoptic endoscope. 

7. Widen the maxillary sinus ostium using a 
combination of appropriately angled through- 
cutting forceps and powered instrumentation. 


After the patient is brought into the operating room, 
general anesthesia is administered in a standard fash¬ 
ion. We prefer to perform our procedures under gener¬ 
al anesthesia with a laryngeal masked airway, though 
intubation for patients with more tenuous upper or 
lower airways is always considered preoperatively and 
should be at the discretion of the anesthesiologist [3], 
The nasal cavity is then decongested and anesthe¬ 
tized in a standard fashion and is addressed separate¬ 
ly in this book (see Chap. 4). In general 0.5-in. Cod- 
man neuropledgets (cottonoids) (Johnson & Johnson, 
Raynham, MA, USA) soaked with 4% oxymetazoline 
are placed into the patient’s nose using a headlight and 
a small nasal speculum prior to prepping the patient. 
After approximately 10 min of decongestion, the lat¬ 
eral nasal wall is injected for hemostasis with 1% lido- 
caine with 1:100,000 epinephrine using a 22G 1.5-in. 
needle [14], The 4-mm 0° rigid fiberoptic endoscope 
(Karl Storz, Culver City, CA, USA) is used for visu¬ 
alization during the injections and subsequent proce¬ 


dure. The patient s head should be elevated approxi¬ 
mately 30° to decrease venous engorgement of the na¬ 
sal and sinus cavities. Finally, the eyes should be taped 
closed laterally, using a Steri-Strip or clear tape, and 
never hidden under towels or drapes. This allows the 
operating surgeon to visualize and palpate the orbits 
at all points during the procedure. 

If necessary, we perform submucosal resection of 
the nasal septum prior to addressing the maxillary or 
ethmoid sinuses to allow for better endoscopic visu¬ 
alization of these areas (see Chap. 5). If access is not 
limited by the septum, all endoscopic procedures are 
performed before addressing the nasal septum. If the 
inferior turbinate is large enough to impede instru¬ 
mentation in the nasal cavity despite adequate de¬ 
congestion, then we also perform a gentle outfracture 
and/or turbinoplasty at the outset. It is important to 
remember that if the inferior turbinate bone is out- 
fractured the uncinate process may inadvertently be 
displaced laterally into the maxillary sinus, thus mak¬ 
ing the subsequent uncinectomy more difficult. Any 
obstructing middle meatal or nasal polyps are resect¬ 
ed with the use of the microdebrider and the tissue is 
sent as a specimen for histology examination. Finally, 
in the rare instance when the middle turbinate is sig¬ 
nificantly obstructing the middle meatus, then a par¬ 
tial middle turbinectomy is performed [6]. In the case 
of a concha bullosa, the lateral portion of the pneu¬ 
matized turbinate is resected by first incising the an¬ 
terior tip of the turbinate in a vertical fashion using 
the straight end of a Woodson elevator. Endoscopic 
scissors or straight Blakesley through-cutting forceps 
(Karl Storz, Culver City, CA, USA) are then used to re¬ 
sect the lateral lamella of the middle turbinate, with 
preservation of the superior attachment and medial 
portion of the turbinate. The scissors/forceps should 
be directed inferiorly and posteriorly to avoid avuls- 
ing the turbinate from its attachment at the skull base, 
as significant bleeding or creation of an iatrogenic 
CSF leak may occur. If necessary, the middle turbinate 
remnant can then be gently medialized with the Fre¬ 
er elevator to create additional space and access to the 
middle meatus. If a paradoxically curved or otherwise 
significantly obstructing middle turbinate is present, 
a curved hemostat clamp is used to crush the mid¬ 
dle turbinate along its lower third, and then the turbi¬ 
nate is partially resected along this line using the en¬ 
doscopic scissors, with preservation of the superior at¬ 
tachment. 

The angled tip of a Woodsen elevator (Fig. 6.1) (Karl 
Storz, Culver City, CA, USA) is then placed within the 
hiatus semilunaris and used to palpate the free poste¬ 
rior edge of the uncinate process (Fig. 6.2a) [10], Gende 
anterior traction is then applied and the anterior inser¬ 
tion of the uncinate process into the lateral nasal wall 
is identified. The angled tip of the Woodsen elevator (or 
angled tip of the incisor) (Fig. 6.1) is then used to in- 
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Fig. 6.1. Incisor (asterisk) 
and Woodsen elevator 
(pound sign) (Karl Storz, 
Culver City, CA, USA). 
Magnified views of the 
angled ends of the incisor 
(top) and the Woodsen 
elevator (bottom) 



cise the lateral nasal wall along the anterior aspect of 
the uncinate process from posteroinferior to anterosu- 
perior (Fig. 6.2b). The inferior attachment of the unci¬ 
nate process is then cut using the endoscopic scissor. 
The uncinate is then grasped at its remaining superior 
insertion using Blakesley forceps and displaced medi¬ 
ally and inferiorly using a gentle rocking motion (Fig. 
6.2c). If the procedure is performed properly, the unci¬ 
nate should be able to be removed in its entirety. Rem¬ 
nants of the uncinate process, superiorly and inferior¬ 
ly, are removed with Blakesley through-cutting forceps 
or the microdebrider [1,9]. Alternatively, side-biting 
punch forceps (opening to the right for the patient’s left 
side, and opening to the left for the patient’s right side) 
(Karl Storz, Culver City, CA, USA) can be placed with¬ 
in the infundibulum and the uncinate remnants can be 
removed in a piecemeal fashion. The dissection of the 
thin bony remnants should proceed anteriorly until the 
thick lacrimal bone is approached. This bone is usu¬ 
ally identified when the side-biting instrument meets 
added resistance. At this point the dissection should be 
stopped to avoid damage to the nasolacrimal system. 

Once the uncinate process has been removed, the 
maxillary sinus ostium can be visualized best with a 
30° rigid fiberoptic endoscope (Karl Storz, Culver City, 
CA, USA) just above the insertion of the inferior tur¬ 
binate and halfway between the anterior and posterior 
ends of the turbinate (Fig. 6.2d) [13]. Furthermore, the 
bulla ethmoidalis and orbital floor can be identified as 
well. If the natural ostium is too small to visualize ow¬ 
ing to obstruction by mucosal disease, it can be palpated 
as a soft depression using an angled olive-tipped suction 
or a curved maxillary sinus seeker (Karl Storz, Culver 


City, CA, USA). Often a trail of mucous or an air bubble 
can be visualized emanating from the ostium. The max¬ 
illary sinus ostium is then further enlarged using a 0° 
and 30° rigid fiberoptic endoscope and a combination of 
backbiting and through-cutting instruments to remove 
diseased bone and free mucosal remnants. The Stamm- 
berger down-biting punch (Karl Storz, Culver City, CA, 
USA) can also be utilized to open the ostium along its 
inferior edge. The 60° angled microdebrider can also be 
used to widen the ostium. The natural ostium should be 
widened to include the posterior fontanelle to prevent 
a postoperative mucous recirculation phenomenon. If 
at any time during the procedure visualization is ob¬ 
scured by bleeding, the middle meatus can be repacked 
with oxymetazoline-soaked 0.5-in. Codman neuro¬ 
pledgets or additional injections with 1% lidocaine with 
1:100,000 epinephrine can be performed. 

After the antrostomy is complete, the maxillary si¬ 
nus should be easily visualized with the 30° rigid fiber¬ 
optic endoscope. The 70° rigid fiberoptic endoscope 
(Karl Storz, Culver City, CA, USA) can be employed 
if abnormalities are located in the inferior or far later¬ 
al recesses of the sinus. If a retention cyst is present it 
can be marsupialized using the giraffe forceps or an¬ 
gled microdebrider blade. Any mass or suspicious le¬ 
sion can be biopsied at this point using appropriately 
angled forceps. 
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Fig. 6.2. Maxillary antrostomy. a Palpation of the posterior 
edge of the uncinate process with the angled end of the Wood- 
sen elevator, b Entering the maxillary sinus ostium with the an¬ 


gled end of the Woodsen elevator, c Forty-five-degree up-biting 
forceps grasping the medialized uncinate process, d Completed 
maxillary antrostomy with visualization of the maxillary sinus 


Large encephaloceles with or without cerebral 
vasculature herniation 

Dehiscent lamina papyracea with fat or rectus 
muscle herniation 
■ Vascular lesions 

Orbital involvement by inflammatory or non¬ 
inflammatory disease 


Endoscopic Anterior Ethmoidectomy 


Indications 


In conjunction with a middle meatal antrosto¬ 
my for disease of the OMC 
Chronic anterior ethmoid rhinosinusitis 
In conjunction with frontal sinusotomy for 
disease of the frontal recess and frontal sinuses 
Approach to the anterior skull base 
Approach to the medial orbital wall for endo¬ 
scopic orbital abscess drainage 
Biopsy or surgical management of an anterior 
ethmoid tumor 


Relative Contraindications 


Potential skull base involvement by inflamma¬ 
tory or noninflammatory disease 


Technique 


The technique is demonstrated in Video 6.2. 

Tips and Pearls 

1. Review the preoperative PNS CT scans 

(a) Identify the height and slope of the skull 
base from anterior to posterior. 

(b) Identify the location of the anterior ethmoid 
artery (a small nipplelike dehiscence in the 
lamina papyracea in the area where the 
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artery exits the orbit and traverses the skull 
base). The anterior ethmoid artery marks 
the posterior aspect of the frontal recess. 

(c) Examine the skull base and lamina papyra- 
cea for any evidence of dehiscence, par¬ 
ticularly in patients with a history of trauma 
or prior surgery and in cases of sinus neo¬ 
plasm mucocele, allergic fungal sinusitis, or 
long standing sinonasal polyposis 
Enter the inferomedial aspect of the anterior 
face of the ethmoid bulla 
Identify the lamina papyracea as the lateral 
limit of dissection, the middle turbinate as the 
medial limit of dissection, and the skull base 
superiorly 

Visualization of the maxillary antrum allows 
for identification of the height of the orbital 
floor and the sagittal plane of the lamina papy¬ 
racea. 

Remove ethmoid partitions in a systematic 
fashion 

Maintain excellent hemostasis and visualiza¬ 
tion 


With the advent of modern-day rigid fiberoptic en¬ 
doscopes and large digitally enhanced monitors, it is 
easy to forget that the ethmoid labyrinth is a relatively 
small space situated between many vital structures of 
the anterior skull base and orbits. Each ethmoid lab¬ 
yrinth is approximately 4-5 cm in length, 2.5-3 cm 
in height, and 0.5 cm in width anteriorly to 1.5 cm in 
width posteriorly [12]. With these dimensions in mind 
it is imperative to proceed through the dissection in 
a controlled and systematic manner while keeping all 
known landmarks in view [2, 4, 7,15,16,18,19]. 

After the completion of the uncinectomy and mid¬ 
dle meatal antrostomy as outlined above, the bul¬ 
la ethmoidalis can be easily visualized in the mid¬ 
dle meatus with a 0° rigid fiberoptic endoscope. The 
bulla is initially entered along its medial and inferi¬ 
or aspect with a curette, straight Blakesley forceps, a 
straight suction, or the tip of the microdebrider (Fig. 
6.3a). The lateral partitions can then be removed with 
up-biting or straight through-cutting instruments to 
identify the lamina papyracea. The remaining parti¬ 
tions of the anterior ethmoid sinus, usually one to four 
cells, can then be sequentially removed in an anteri¬ 
or to posterior direction using similar instruments to 



Fig. 6. 3 . Anterior and posterior ethmoidectomy. a Straight for- the basal lamella after completion of the anterior ethmoidectomy. 

ceps entering the bulla ethmoidalis. b Straight forceps entering c Completed maxillary antrostomy and total ethmoidectomy 
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avoid excessive shearing forces and mucosal stripping 
[12], The microdebrider can be used as well, making 
sure to angle the blade medially away from the orbit. 
When the bulla is removed, the suprabullar and ret- 
robullar recesses can be visualized as well as the basal 
lamella [8]. Polyps within the anterior ethmoid cham¬ 
ber can be removed with either appropriately angled 
forceps or the microdebrider after retrieving a speci¬ 
men for pathology study. 

As the bony partitions are removed, the lamina 
papyracea, middle turbinate, and skull base should 
be identified and the 0° rigid fiberoptic endoscope 
should be positioned such that a wide field of view 
is maintained. The plane and angle of dissection 
should proceed along the level of the orbital floor, 
which can be visualized through the maxillary an¬ 
trostomy. This will prevent a steep angle of dissec¬ 
tion and accidental violation of the anterior skull 
base. It is also important to remember that the later¬ 
al skull base adjacent to the orbit is 10 times thick¬ 
er than the medial skull base as it slopes downward 
and attaches to the vertical strut of the middle tur¬ 
binate [8], Although concentrating the dissection 
medially avoids orbital penetration, the risk of skull 
base injury is significantly increased. The skull base 
is identified by its relatively increased thickness, sol¬ 
id feel, smooth contour, and whiter bone color. As 
the dissection proceeds posteriorly, the anterior eth¬ 
moid artery is usually identified traversing immedi¬ 
ately below the anterior skull base posterior to the 
supraorbital ethmoid cells [8], Its position usual¬ 
ly demarcates the posterior aspect of the frontal re¬ 
cess. It may be enclosed in a bony conduit or may be 
dehiscent along its entire course; thus, dissection is 
this area must proceed with caution 


Endoscopic Posterior/Total Ethmoidectomy 


Indications 


In conjunction with a middle meatal antrosto¬ 
my and anterior ethmoidectomy for inflamma 
tory mucosal disease of the PNS 
Chronic posterior ethmoid rhinosinusitis 
Disease of the sphenoethmoid recess 
Approach to the sphenoid sinus for sphenoid- 
otomy 

Approach to the sphenoid sinus for endoscopic 
transsphenoidal surgery 
Approach to the medial orbital wall and orbit¬ 
al nerve for endoscopic orbital decompression 
Biopsy or surgical management of a posterior 
ethmoid or sphenoid sinus mass 


Chapter 6 


Relative Contraindications 


See the relative contraindications in the section 
“Endoscopic Anterior Ethmoidectomy” 
Significant extension of disease into the sphe¬ 
noid sinus with possible involvement of 
carotid arteries, optic nerves, or the anterior 
skull base 


Technique 


The technique is demonstrated in Video 6.3. 


Tips and Pearls 

Review the preoperative PNS CT scans as done 
for an anterior ethmoidectomy and evaluate 
for potentially complex posterior ethmoid 
pneumatization patterns lateral and superior 
to the sphenoid sinus (onodi cell) 

Enter the inferomedial aspect of the basal lamella. 
Preservation of the inferior aspect of the basal 
lamella serves as a “strut” to help support the 
middle turbinate in a medial position. 

Remove the inferior aspect of the posterior 
ethmoid partitions in a systematic fashion. 
Palpate behind each vertical ethmoid bony 
partition to verify that it is not the skull base 
and proceed from posterior to anterior. 

The anterior face of the sphenoid marks the 
posterior limit of dissection. 

The posterior ethmoid artery lies 2-3 mm 
anterior to the anterior sphenoid sinus wall. 
The skull base is thicker, feels more solid, has a 
smooth contour, and a whiter color. 


The basal (ground) lamella represents the division be¬ 
tween the anterior and posterior ethmoid air cells. In 
general the posterior ethmoid cells are relatively larger 
and fewer in number (between two and six cells) [12]. 
After removal of the anterior ethmoid cells, the basal 
lamella can be easily visualized oriented in a horizon¬ 
tal position. It is entered medially and inferiorly in the 
same manner as the anterior face of the ethmoid bulla, 
although the bone of the basal lamella is thicker (Fig. 
6.3b). Blakesley 45° up-biting through-cutting forceps 
are then used to remove the inferior aspects of the bony 
partitions in a systematic fashion while maintaining 
the same anatomic landmarks used during the anteri¬ 
or ethmoidectomy [2, 4, 7,15,16,18,19], The vertical¬ 
ly oriented bony partitions can be distinguished from 
the horizontally oriented skull base. The forceps or an 
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angled bone curette is placed behind each partition 
to verify that it lies below the skull base. The dissec¬ 
tion along the skull base should proceed from poste¬ 
rior to anterior with palpation of the skull base poste¬ 
rior to the bony partition about to be removed. Once 
again, the skull base can be distinguished by its rela¬ 
tively increased thickness, solid feel, smooth contour, 
and whiter bone color. The posterior limit of dissec¬ 
tion is the anterior face of the sphenoid sinus. It also 
usually marks the anterior edge of the most posteri¬ 
or ethmoid cell [11]. However, if identification of the 
skull base remains difficult at this point, a sphenoid- 
otomy should be performed and the skull base should 
be identified within the sphenoid sinus [8], The goal of 
surgery is to remove as many bony partitions and dis¬ 
eased mucosa until the ethmoid cavity has a smooth 
contour along the skull base and lamina papyracea 
(Fig. 6.3c). However, it is imperative not to strip mu¬ 
cosa from the skull base or medial orbital wall dur¬ 
ing dissection. 


Complications and Management 


Surgical complications include: 


Orbital injury (fat herniation, rectus muscledam- 
age, optic nerve damage, orbital hema-toma, an¬ 
terior and posterior ethmoid artery bleed) 
Sphenopalatine artery bleed 
Nasolacrimal system injury 
Iatrogenic frontal or ethmoid sinusitis 
Postoperative maxillary sinus mucous recircu¬ 
lation phenomenon 

Violation of the skull base with CSF leak and/ 
or brain parenchymal injury 


Orbital Injury (Fat Herniation, Rectus 
Muscle Damage, Optic Nerve Damage, 
Orbital Hematoma, Anterior and Posterior 
Ethmoid Artery Bleed) 


The proximity of the orbit to the operating field places 
it at risk during endoscopic sinus surgery. Damage to 
the orbital contents is more likely when surgical land¬ 
marks are obscured by abnormalities or bleeding. In 
all cases of orbital penetration, prompt recognition and 
appropriate management will help to minimize the po¬ 
tential morbidity. Violation of the lamina papyracea in 
and of itself is not an absolute indication to prematurely 
end the procedure. Palpation of the globe while visual¬ 
izing the medial orbital wall with an endoscope should 
allow for visualization of herniated orbital contents. If 


orbital fat is encountered it should be identified, pro¬ 
tected with a cottonoid, and all dissection should re¬ 
main medial to it. Attempts to remove exposed orbital 
fat should be avoided as this will likely cause bleeding. 
Furthermore, attempts to push it back into the orbit 
are often unsuccessful. Use of the microdebrider af¬ 
ter violation of the lamina papyracea and/or periorbita 
should proceed with utmost caution, especially in the 
hands of a novice, as the simultaneous suction and cut¬ 
ting mechanism can remove the fat or muscle and rap¬ 
idly make matters worse. If the microdebrider is used, 
the cutting side of the tip should always be angled me¬ 
dially away from the orbital contents. Postoperatively 
patients should be advised to avoid nose-blowing and 
strenuous activities for 2 weeks to help minimize peri¬ 
orbital emphysema, and a prophylactic course of anti¬ 
biotics should be prescribed to minimize the risk of or¬ 
bital cellulitis. If the medial rectus muscle is identified 
or damaged, surgery should be stopped and an oph¬ 
thalmology consult obtained immediately, as these in¬ 
juries are very difficult to repair after muscle retrac¬ 
tion, scarring, and denervation. 

Orbital hematomas can often be managed without 
adverse sequelae; however, increased intraocular pres¬ 
sure can prove devastating if not recognized early. Vi¬ 
olation of the lamina papyracea with slow venous ooz¬ 
ing may only cause periorbital ecchymosis and can be 
managed conservatively. However, rapid arterial bleed¬ 
ing with retrobulbar hematoma may cause proptosis 
with vascular compromise of the optic nerve. Suction¬ 
ing at the bleeding site (i.e., anterior or posterior eth¬ 
moid artery) should be immediately performed and the 
nose should not be packed to allow for egress of blood 
into the nose as opposed to the orbit. If the bleeding site 
can be easily identified, it should be appropriately con¬ 
trolled with bipolar or suction cautery. Epinephrine- 
soaked pledgets can also be employed to help slow the 
bleeding and allow for identification of the offending 
vessel. Orbital pressures should be checked with a to¬ 
nometer and an ophthalmology consult should be ob¬ 
tained immediately. Decompression of the orbit should 
proceed immediately, as irreversible visual loss can oc¬ 
cur within 1 h. A lateral canthotomy and cantholysis 
should be performed using fine straight scissors or a 
no. 15 surgical blade. In order to fully decompress the 
orbit, it is important to retract the lower lid inferiorly to 
identify and cut the lateral canthal ligament. Mannitol 
(1 g/kg intravenously over 30 min) dehydrates the or¬ 
bital fat and vitreous body and should be administered 
in conjunction with acetazolamide (500 mg intrave¬ 
nously; may be repeated in 4 h), which reduces aqueous 
humor production. Visual acuity and light perception 
(afferent papillary defect) should also be serially doc¬ 
umented. If lateral decompression fails to adequately 
decompress the orbit, then endoscopic medial orbital 
wall decompression with periorbitia release shoud be 
prformed. 
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Sphenopalatine Artery Bleed 


Branches of the sphenopalatine artery exit approx¬ 
imately 5 mm anterior to the posterior wall of the 
maxillary antrum and can be injured during pos¬ 
terior dissection of the maxillary ostium. Anoth¬ 
er branch may be encountered during resection of 
more than the anterior half of the middle turbinate, 
or less likely, the inferior turbinate. If these branches 
are severed, bipolar cautery or endoscopic sphenopal¬ 
atine artery ligation should be attempted. Controlled 
hypotension by the anesthesiologist may help reduce 
bleeding within the operative field and allow for more 
precise identification of the bleeding source. For more 
significant bleeds that fail surgical therapy, the nose 
should be packed and angiography with embolization 
of the ipsilateral internal maxillary artery should be 
performed. 


Nasolacrimal System Injury 

Damage to the nasolacrimal sac or duct can occur 
during multiple points of the maxillary antrostomy 
or ethmoidectomy. Most commonly, dissection of the 
maxillary antrostomy too far anteriorly can damage 
the nasolacrimal system within the frontal process of 
the maxilla. It is important to recognize that the lac¬ 
rimal bone is significantly harder to remove with bit¬ 
ing forceps than the uncinate process, and dissection 
should cease when this hard bone is encountered. If 
the patient complains of epiphora postoperatively, ex¬ 
pectant management is recommended as the problem 
will often resolve. If it persists, ophthalmological eval¬ 
uation should be obtained and endoscopic dacryocys¬ 
torhinostomy can be attempted (see Chap. 17). 


Iatrogenic Frontal or Ethmoid Sinusitis 

Failure to remove the entire uncinate process or agger 
nasi air cell, stripping mucosa, leaving exposed bone, 
or creating mucosal adhesions leading to lateraliza¬ 
tion of the middle turbinate may ultimately diminish 
the long-term success of the procedure. During sur¬ 
gery it is important to recognize these potential com¬ 
plications and minimize their occurrence. The use of 
through-cutting instruments and meticulous dissec¬ 
tion to prevent mucosal stripping and damage is para¬ 
mount to successful healing. In certain cases (i.e., un¬ 
stable middle turbinate, revision surgery, narrowed 
OMC) we stitch the middle turbinates to the septum 
with a 4-0 Vicryl suture. Other methods such as mid- 
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die meatal spacers and controlled synechiae between 
the middle turbinate and septum have also been de¬ 
scribed in the literature. Postoperatively, endoscopic 
examinations and debridements should be employed 
to remove synechiae and crusts, and to limit mucosal 
damage. Nasal irrigations, topical nasal steroids, oral 
steroids, and antibiotics for infection and/or osteitis 
should be employed on a case-by-case basis. 


Postoperative Maxillary Sinus Mucous 
Recirculation Phenomenon 


If the natural ostium of the maxillary sinus is not 
widened posteriorly, and the posterior fontanelle re¬ 
mains intact, or if fragments of the unicate process 
remain a mucous recirculation phenomenon may oc¬ 
cur. Furthermore, if the antrostomy was made incor¬ 
rectly in the posterior fontanelle leaving the natural 
ostium undisturbed, a similar situation can occur. If 
the patient continues to be symptomatic, a revision 
maxillary antrostomy should be performed. 


Violation of the Skull Base with CSF Leak 
and/or Brain Parenchymal Injury 


A comprehensive discussion of skull base injuries is 
beyond the scope of this chapter (see Chap. 14). Im¬ 
portant concepts to remember when dealing with 
these injuries include recognizing the extent of the 
injury during surgery, improving visualization of 
the surrounding defect by minimizing bleeding, and 
gently manipulating the skull base during repair to 
prevent worsening of the defect. The surgeon should 
chose whichever of the many published methods he/ 
she is comfortable with to repair the defect. 


Postoperative Care 


Postoperative care includes: 


Oral antibiotics 
Oral steroids 
Nasal irrigation 
Nasal steroids 
Debridement 


Most practitioners follow a routine of endoscopic de¬ 
bridements in conjunction with oral and topical med¬ 
ications until adequate healing of the sinus mucosa 
has been achieved (Videos 6.4,6.5). 
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Fig. 6.4. Well-healed left-sided sinus cavity status after max¬ 
illary antrostomy and total ethmoidectomy visualized with a 
30° rigid fiberoptic endoscope. S septum, MT middle turbi¬ 
nate, M maxillary sinus, SB skull base 


Oral antibiotics: Postoperative antibiotics (amoxi- 
cillin/clavulanate, cephalosporin, or a quinolone) for 
5-7 days are generally prescribed. However, this may 
be modified depending on preoperative findings (os¬ 
teitis, or positive cultures), intraoperative findings 
(purulence), and/or the patient’s medical history (co¬ 
morbidities, medications, allergies). 

Oral steroids: Oral steroids are not routinely ad¬ 
ministered in the immediate postoperative period. 
Exceptions include patients with allergic fungal/mu¬ 
cin sinusitis, severe nasal polyposis, significant reac¬ 
tive lower-airway disease, and/or polypoid or hiper- 
plastic mucosal disease. 

Nasal irrigation: Patients are generally started on 
a routine of daily nasal irrigation with isotonic sa¬ 
line. This is continued for 4-6 weeks until the eth¬ 
moid cavity is well mucosalized, and there is no lon¬ 
ger evidence of crusting. 

Nasal steroids: Normally, patients resume their 
use of a topical nasal steroid spray within 1-2 weeks 
following functional endoscopic sinus surgery. The 
medication may be held in the immediate postopera¬ 
tive period if it is felt that the presence of crusts with¬ 
in the middle meatus would limit its efficacy. 

Debridement: Endoscopic debridement is per¬ 
formed in the office setting with the use of topical de¬ 
congestion (oxymetazoline) and anesthesia (4% lido- 
caine) placed on cotton pledgets. A typical routine 
consists of weekly or biweekly debridements for 4-6 
weeks, or until the ethmoid cavity is well healed and 
there is no longer any crusting (Fig. 6.4). A total of 
three or four postoperative debridements are general¬ 


ly performed. Small intranasal synechiae are lysed us¬ 
ing Blakesley through-cutting forceps. 


Conclusion 


- V 

Successful endoscopic ethmoidectomy and mid¬ 
dle meatal antrostomy require knowledge of the 
anatomy and meticulous surgical technique to 
preserve functional mucosa. Complications still 
occur and can include bleeding and injury to the 
orbit and skull base. 
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Surgical Approaches 
to the Sphenoid Sinus 


Gady Har-El 


■ The sphenoidotomy may be widened contra- 
laterally through the posterior septum and/ 
or ipsilaterally through the superior meatus 
and posterior ethmoids. 

■ Intraoperative navigation systems and/or a 
C-arm image intensifier may be helpful in 
some cases. 

■ The surgeon should be prepared for, and be 
familiar with the management of, intraoper¬ 
ative emergencies such as CSF leak or carot¬ 
id bleeding. 


Core Messages 


■ In addition to management of inflammato¬ 
ry sphenoid sinus disease, sphenoidotomy is 
being increasingly used to approach adjacent 
structures. 

■ The nature, exact location and extent of the 
lesion, as well as coexisting pathologic condi¬ 
tions and the surgeon’s experience, will dic¬ 
tate which surgical approach is the best for a 
specific patient. 

■ The combined transantral-transethmoid en¬ 
doscopic approach allows excellent exposure 
of the lateral recess of the sphenoid sinus. 

■ The transseptal approach provides a relative¬ 
ly safe, clean and avascular route to the sphe¬ 
noid sinus. 

■ The transseptal approach is less suitable for 
management of infectious processes. 

■ The transethmoid approach should be used 
in patients with coexisting ethmoid sinus 
disease. 

■ The direct transnasal route should be used 
for isolated sphenoid sinus disease and for 
approaching adjacent structures. 

■ The direct transnasal approach avoids the 
middle meatus and possible frontal, maxil¬ 
lary and ethmoid sinus sequelae. 

■ Superior turbinectomy allows for wide expo¬ 
sure of the anterior sphenoid wall. 

■ Endoscopic coaxial bipolar cautery is ex¬ 
tremely useful in transnasal sphenoid sinus 
surgery. 

■ The location and course of the nasoseptal di¬ 
vision of the sphenopalatine artery should be 
remembered before enlarging the sphenoid 
sinus opening. 
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Introduction 


In 1949, Van Alyea [20] described the sphenoid sinus 
as “.. .the most neglected of all nasal sinuses.” He also 
agreed with Proetz [15], who compared the sphenoid 
sinus to a man whose name begins with Z, because 
“They are always at the bottom of the list....” During 
the last 25 years, we have seen a renewed interest in 
the sphenoid sinus and its diseases. With the intro¬ 
duction of advanced and sophisticated surgical optics 
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and instrumentation, followed by the introduction of 
novel surgical techniques (endoscopic and nonendo- 
scopic), most rhinologic surgeons are now more com¬ 
fortable with approaching the sphenoid sinus surgi¬ 
cally [2, 6, 7-9, 13]. The sphenoid sinus is now in a 
process of reclaiming its position in the “center of the 
head.” 


Anatomy 

The sphenoid sinus is situated in the center of the 
skull base [1, 14, 16, 18]. It is the most posteriorly lo¬ 
cated of the paranasal sinuses. The sinus cavity may 
be contained entirely within the body of the sphe¬ 
noid bone, or may extend into the rostrum, pterygoid 
processes, greater wing, or even into the basiocciput. 
The sphenoid sinus has the largest number of impor¬ 
tant, vulnerable, some vital, structures in close prox¬ 
imity. They include the optic nerve and chiasm, the 
cavernous sinus, the internal carotid artery, the pitu¬ 
itary gland, the dura, the third, fourth and sixth cra¬ 
nial nerves, the second division of the fifth nerve, the 
sphenopalatine ganglion, the vidian nerve, and the 
terminal branches of the internal maxillary artery. 
Although the attachment of the posterior aspect of 
the nasal septum to the sphenoid rostrum is almost 
always in the midline, the intrasphenoidal septum, 
which originates in the posterior aspect of the sphe¬ 
noid rostrum, usually changes direction in both the 
horizontal and the vertical planes. Thus, it creates dif¬ 
ferent sizes and shapes of sinus compartments which 
are almost always asymmetric. The sphenoid sinus 
ostia are located just lateral to the sphenoid rostrum 
within the anterior wall of the sphenoid sinus. The ex¬ 
act location of the sphenoid ostium may vary, but it is 
usually found within the middle third of the distance 
between the skull base and the sphenoid sinus floor/ 
roof of nasopharynx. 


Tips and Pearls 

Review the computed tomography scan care¬ 
fully before surgery to localize the number and 
the orientation of the intrasphenoidal septa- 
tions. 


Indications 

For more than a century, the most common indica¬ 
tion for sphenoid sinus surgery has been an infec¬ 
tious process. This may include acute, chronic, fungal 
or polypoid process as well as complications of sphe¬ 
noid infection such as sphenoid pyocele. With ad¬ 


vancements in surgical optics and instrumentation 
as well as the introduction of intraoperative comput¬ 
erized navigation systems, sphenoidotomy is increas¬ 
ingly being used as an approach to other structures 
which are in close proximity. The current indications 
for sphenoidotomy and sphenoidectomy can be sum¬ 
marized as follows: 


Sphenoid sinusitis (acute, chronic, fungal) 
Sphenoid mucocele/pyocele 
Sphenoid polyposis 
Repair of CSF leak 

Repair of encephalocele (with or without CSF 
leak) 

Biopsy of tumor (sphenoid, adjacent structure, 
brain) 

Management of medial temporal bone lesion 
(e.g., petrous apex cholesterol cyst) 

Approach to the clivus 
Pituitary surgery 
Endoscopic brain surgery 
Approach to the optic nerve/chiasm 


Surgical Approaches 


Currently, there are many available surgical approach¬ 
es to the sphenoid sinus, endoscopic and nonendoscop- 
ic. The decision as to which approach to use depends 
on factors such as the nature of the lesion, the exact lo¬ 
cation of the lesion, the extent of the lesion, coexist¬ 
ing pathologic processes, the goal of the surgery (e.g., 
complete tumor removal vs. biopsy), and the experi¬ 
ence and comfort of the surgeon with the different ap¬ 
proaches. For example, a polypoid process that involves 
also the ethmoid sinuses will probably dictate transeth- 
moid sphenoidotomy; isolated acute sphenoid sinusitis 
which requires a large opening for drainage may dic¬ 
tate direct transnasal sphenoidotomy; a midline non- 
infectious process which does not require permanent 
drainage may benefit from the relatively “clean” trans- 
septal route.The extracranial approaches to the sphe¬ 
noid sinus can be summarized as follows; 

1. Transorbital transethmoid-external 

2. Transantral transethmoid 

3. Transseptal 

(a) Sublabial 

(b) Transnasal 

- Withalotomy 

- With external rhinoplasty approach 

4. Transnasal-nontransseptal 

(a) Transethmoid 

(b) Direct transnasal 

5. Transpalatal 
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Surgical Approaches to the Sphenoid Sinus 

In this chapter, all extracranial approaches to the 
sphenoid sinus will be briefly discussed. The direct 
transnasal, nontransseptal approach is the preferred 
one used by the author for management of isolated 
sphenoid sinus disease, pituitary surgery, and as an 
approach to adjacent structures. This procedure will 
be described in detail. 


External Transorbital- 
Transethmoid Approach 


For centuries this has been the most popular surgi¬ 
cal approach to the sphenoid sinus. Currently, it is 
still being performed by some surgeons for the treat¬ 
ment of acute infection. This approach requires eth- 
moidectomy in order to access the sphenoid sinus. 
The approach provides excellent control of the or¬ 
bit, which is important for both the treatment of in¬ 
traorbital extension of the infection and the avoid¬ 
ance of orbital complications. The procedure has an 
advantage when the inflammatory process includes 
the ethmoid complex. However, the constant manip¬ 
ulation of the orbital contents as well as the need for 
external facial skin incision make this approach less 
attractive. Also, we believe that this approach is not 
useful for isolated sphenoid sinus disease because it 
requires ethmoidectomy, whether ethmoid sinus dis¬ 
ease is present or not. With the increasing popularity 
of transnasal endoscopic techniques, this approach is 
seldom used today. 


Transantral-Transethmoid Approach 

The transantral approach to the sphenoid sinus was 
very popular when the Caldwell-Luc procedure was 
the standard approach for chronic maxillary, ethmoid 
and sphenoid sinus disease. The procedure is begun 
with a sublabial maxillary sinusotomy, followed by 
posterior ethmoidectomy through the superomedial 
aspect of the maxillary antrum. The anterior sphenoid 
wall is now exposed and may be entered. The lamina 
papyracea is kept under direct vision throughout the 
procedure; therefore, the orbit is well protected. Also, 
with this procedure, the surgeon bypasses the infun¬ 
dibulum; therefore, possible damage to the frontal si¬ 
nus outflow tract is avoided. Because we rarely use the 
Caldwell-Luc procedure these days to treat maxillary 
or ethmoid sinus disease, this route is seldom used for 
sphenoidotomy. However, this approach has gained 
recently some renewed interest. The author has used 
this procedure to treat lesions in extreme lateral ex¬ 


tensions of the sphenoid sinus (i.e., pterygoid recess) 
and lesions of the pterygopalatine fossa [12], 


Tips and Pearls 

The transantral approach may be combined 
with an endoscopic transnasal 
approach for wide exposure of the sphenoid 
sinus, including its lateral recess. 


Transpalatal Approach 


This approach may be suitable for certain tumors 
that extend beyond the sinus into the nasopharynx 
and into the pterygopalatine space. It is not suitable 
for the treatment of infections. Also, tumors isolat¬ 
ed to the sphenoid sinus and sella turcica are better 
approached with the transnasal route. The transpala¬ 
tal approach is also used to treat small and medium¬ 
sized juvenile angiofibroma tumors with or without 
extension to the sphenoid sinus [3], The procedure 
is begun with a palatal incision line and elevation of 
palatal flap. Different incision lines are used: (1) mid¬ 
line incision with or without splitting the uvula; (2) 
lateral incision through the soft palate with preserva¬ 
tion of one greater palatine vascular pedicle; and (3) 
a U-shaped palatal incision along the gingival mar¬ 
gin. The author favors the U-shaped incision because 
it minimizes the likelihood of an oronasal fistula 
and/or palate shortening. The incision is made paral¬ 
lel to the gingival margin, leaving several millimeters 
of gingival mucosa for closure. The incision extends 
posteriorly beyond the third molar. A mucoperiosteal 
palatal flap is elevated off the bony hard palate. Both 
greater palatine vascular pedicles are identified and 
preserved. This will ensure flap viability. Next, the 
soft palate musculature is separated from the posteri¬ 
or edge of the hard palate, allowing initial visualiza¬ 
tion of the nasopharynx and the floor of the sphenoid 
sinus. With use of a drill or Kerrison rongeur, por¬ 
tions of the posterior hard palate and vomer are re¬ 
moved until adequate exposure of the anteroinferior 
aspect of the sphenoid sinus is achieved. At the end of 
the procedure, the palatal flap is replaced and closed 
with interrupted absorbable sutures. Again, this pro¬ 
cedure is not appropriate for isolated sphenoid dis¬ 
ease or for sphenoethmoid disease. 


Tips and Pearls 

■ A U-shaped incision avoids incisions through 
the soft palate and minimizes postoperative ve¬ 
lopharyngeal insufficiency. 
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Transnasal Approaches 

There are many transnasal approaches to the sphe¬ 
noid sinus and adjacent structures. We usually divide 
them into two main groups: transnasal-transseptal 
and transnasal-nontransseptal approaches. 


Transnasal -Transseptal Approach 


The transseptal route provides an excellent approach 
to the sphenoid sinus. It is a safe, avascular and easy to 
learn procedure. During the last decade of the nine¬ 
teenth century and the fist decade of the twentieth 
century, this approach was introduced for manage¬ 
ment of pituitary lesions. Soon after, this procedure 
fell into disfavor because of the limited surgical expo¬ 
sure obtained in the absence of surgical microscopes. 
Hardy, in the 1950s, introduced microsurgical tech¬ 
niques and reestablished the transseptal-transsphe- 
noidal route as the standard approach to the sella tur¬ 
cica [4], 

Since the size of the nostril is usually the limit¬ 
ing factor in providing wide exposure, and in cas¬ 
es where wide exposure is essential (e.g., transsphe¬ 
noid pituitary surgery), most transnasal-transseptal 
approaches incorporate an additional incision line. 
The most commonly used incision is the sublabial one 
through which the septum is approached. Other op¬ 
tions include an alotomy incision or a transcolumel- 
lar (external rhinoplasty) incision. In 1985, Kennedy 
[13] introduced the endoscopic transsphenoidal ap¬ 
proach for pituitary lesions. Many surgeons use si¬ 
nus endoscopes to perform the transnasal-transsep¬ 
tal approach to the sphenoid sinus. The surgical steps 
are the same as those for the conventional, nonendo- 
scopic transseptal approach. Since 1997, the author 
has switched to the direct transnasal nontransseptal 
endoscopic approach to the sphenoid sinus; therefore, 
the transseptal approach is used less frequently in our 
institution. The main disadvantage of the transsep¬ 
tal approach is the fact that it is not suitable for man¬ 
agement of infection. It does not provide a permanent 
wide drainage pathway into the nasal cavity. 


Tips and Pearls 

The most common complication related specif¬ 
ically to the transseptal approach is septal per¬ 
foration. 


Transnasal - Nontransseptal Approaches 

This group of surgical approaches to the sphenoid si¬ 
nus includes the transnasal-transethmoid and the di¬ 
rect transnasal route. With the introduction of endo¬ 
scopic sinus techniques and instrumentation, trans¬ 
nasal-nontransseptal sphenoidotomy has become 
increasingly popular. In fact, it is the most common 
approach to the sphenoid sinus used by rhinologic 
surgeons. However, it should be noted that these tech¬ 
niques are not new and have been used, without en¬ 
doscopes, since the late nineteenth century. 


Transnasal - Transethmoid Approach 

The endoscopic version of this approach is the most 
common one used today for access to the sphenoid si¬ 
nus. This approach is certainly appropriate in cases 
where the ethmoid and the sphenoid sinuses require 
simultaneous exploration. A common example is eth¬ 
moid and sphenoid sinusitis with/without polyposis. 
However, if the goal of the surgical procedure is to 
address isolated sphenoid sinus disease, or to use the 
sphenoid sinus as an access to adjacent structures, vi¬ 
olation of the ethmoid complex can be avoided by us¬ 
ing the direct transnasal approach. Transnasal eth- 
moidectomy, although a very common procedure, 
is not without potential complications and sequel¬ 
ae. Possible immediate serious complications are well 
known and, fortunately, uncommon. However, de¬ 
layed sequelae are not rare and may result in signif¬ 
icant morbidity. They include synechiae formation, 
nasal airway obstruction, ethmoid sinusitis, frontal 
outflow tract obstruction and possible frontal sinus¬ 
itis, maxillary outflow obstruction and possible max¬ 
illary sinusitis, and persistent ethmoid cavity dryness 
and crusting. 

Using this route, the surgeon approaches the sphe¬ 
noid sinus following complete anterior and posterior 
ethmoidectomy. The surgeon identifies the skull base 
superiorly, the middle and superior turbinates medi¬ 
ally, the orbital wall and maxillary ostium laterally 
and the anterior sphenoid wall and the choana pos¬ 
teriorly. Rarely, the location of the anterior sphenoid 
wall may require verification with an intraoperative 
C-arm image intensifier or with intraoperative com¬ 
puterized navigation systems. The safest location to 
enter the sphenoid sinus, if the natural ostium is not 
clearly identified, is medially, close to the nasal sep¬ 
tum. As the surgeon moves medially on the anteri¬ 
or wall of the sphenoid sinus, the superior turbinate 
may need to be partially removed. This is done poste¬ 
rior to the middle turbinate and there is no need for 
partial or complete middle turbinectomy for this ap- 
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proach. Again, if the natural ostium is identified, it 
will serve as the starting point for wide sphenoidot- 
omy. If the natural ostium cannot be located because 
of the disease process, entry to the sphenoid sinus can 
be accomplished safely 5-10 mm superior to the cho- 
ana, close to the posterior nasal septal insertion. Af¬ 
ter entry, the sphenoid sinus opening is enlarged with 
a sphenoid punch and/or Kerrison rongeurs. Pro¬ 
ceeding with bone removal laterally and superiorly is 
done cautiously. We routinely place a curved instru¬ 
ment such as small up-biting forceps or a neurosur¬ 
gical nerve hook in the sinus and palpate superior¬ 
ly and laterally before bone removal. A 70° telescope 
can be introduced into the sinus to examine the later¬ 
al and superior aspects of the cavity and to determine 
the amount of safe bone removal. The same telescope 
can also be used to positively identify the carotid ar¬ 
tery and the optic nerve laterally. Enlarging the sphe- 
noidotomy inferiorly is also done with caution. The 
posterior branch of the sphenopalatine artery, also 
known as the nasoseptal branch, passes horizontally 
from lateral (sphenopalatine foramen) to medial be¬ 
tween the natural ostium and the choana [5, 17]. At 
the posterior insertion of the nasal septum, it makes a 
90° anterior turn and becomes the posterior septal ar¬ 
tery. If the sphenoidotomy must be enlarged inferior¬ 
ly, it can be done either submucosally, or after coagu¬ 
lating the mucosa at this area with an endoscopic bi¬ 
polar cautery. 

The extent and size of sphenoidotomy depend 
on the exact indication for surgery. It may range for 
a small opening for drainage of acute infection to a 
large, total anterior wall removal for management 
of tumor. Also, depending on the nature of the pro¬ 
cedure performed and the degree of intraoperative 
bleeding, intranasal packing at the conclusion of sur¬ 
gery may or may not be required. 


Tips and Pearls 

Possible complications related to the transeth- 
moid approach include chronic ethmoid sinus 
itis, frontal outflow obstruction with sinusitis, 
ethmoid synechiae, orbital injury, ethmoid 
roof injury with CSF leakage, and dry ethmoid 
cavity. 


Direct Transnasal-Nontransethmoid 
Sphenoidotomy 

(the Superior Turbinectomy Approach) 


This approach does not involve transseptal surgery 
and does not include ethmoidectomy; therefore, it 
avoids any complications related to those procedures. 
In the author’s opinion and experience, this is the 


fastest, least invasive and overall the best approach for 
management of isolated sphenoid sinus disease and 
for approaching lesions adjacent to the sphenoid si¬ 
nus [6-11]. Under general anesthesia and under di¬ 
rect vision, cottonoids soaked with a vasoconstricting 
solution are inserted between the middle turbinate 
and the septum on both sides. After 10 min, the cot- 




Fig. 7.1. Rarely, partial middle turbinectomy may be required, 
a Left partial middle turbinectomy. b Only the caudal part of 
the turbinate is removed. (Reprinted with permission from 
Har-El [6]) 
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tonoids are removed and under direct vision the sur¬ 
geon may be able to identify the superior turbinate on 
one or both sides. The cottonoids are reinserted be¬ 
tween the superior turbinate and the septum if possi¬ 
ble. These are removed after 5 min and the anatomy of 
both middle turbinates and superior meati is careful¬ 
ly examined. If the side of the lesion and its extent do 


not dictate the required side of sphenoidotomy, a de¬ 
cision as to which side to use is made now. It depends 
on the angulation of the nasal septum, the length and 
width of the middle turbinates and the degree of su¬ 
perior meatal exposure. Next, a vasoconstricting so¬ 
lution is infiltrated under direct vision and/or endo¬ 
scopic guidance. In order not to obscure the view, in- 


7 



Fig. 7.2. Bipolar cautery is used to coagulate the superior tur- Fig. 7.3. With the endoscopic scissors, the surgeon transects 
binate. (Reprinted with permission from Har-EI [6]) the cranial aspect of the superior turbinate. (Reprinted with 

permission from Har-EI [6]) 



Fig. 7.4. Superior trubinectomy completed, a The superior 
turbinate is pulled down and removed, b Bleeding from the 
posterior insertion of the turbinate to the anterior sphenoid 



wall is controlled with an up-biting bipolar cautery device. 
(Reprinted with permission from Har-EI [6]) 
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filtration is begun as posterior as possible, preferably 
into the anterior sphenoid wall and superior turbi¬ 
nate, moving anteriorly on both the nasal septum and 
the medial aspect of the middle turbinate. 

Under endoscopic guidance with a 0° telescope, 
the middle turbinate may be gently displaced later¬ 
ally. Only the inferior part of the turbinate is dis¬ 
placed. There is no need to push on the superior as¬ 
pect of the turbinate as this may cause skull base in¬ 
jury and it does not add to the exposure. Rarely, the 
middle turbinate is so large that it may interfere with 
adequate exposure and, therefore, limited removal of 
its anteroinferior tip is required. It is the author’s ex¬ 
perience that this applies only to the relatively inex¬ 
perienced surgeon. As we gain experience and con¬ 
fidence, partial middle turbinectomy is almost nev¬ 
er required. Again, if it is performed, only the inferior 
aspect of the turbinate is removed without actual en¬ 
try into the infundibulum (Fig. 7.1). Depending on 
the exposure provided so far and the comfort of the 
surgeon, a self-retaining speculum such as a long na¬ 
sal speculum or the Hardy pituitary speculum may be 
inserted now. However, if only limited intrasphenoi- 
dal work is needed, the entire procedure can be per¬ 
formed without a speculum. 

Long bipolar forceps are now inserted into the su¬ 
perior meatus. We currently use endoscopic coaxial 
forceps. If they are not available, long Bayonette for¬ 
ceps may be used, but they is more difficult to maneu¬ 
ver within a narrow space. The bipolar jaws are in¬ 
troduced on both sides of the superior turbinate, thus 
“hugging” the superior turbinate, as superior as pos¬ 
sible and as posterior as possible. The superior aspect 
of the superior turbinate is now cauterized (Fig. 7.2). 
Next, endoscopic scissors are used to transect the su¬ 
perior turbinate superiorly, relatively close to its skull 
base attachment through the cauterized area (Fig. 7.3) 
The tip of the turbinate is gently pulled down and, 
with a combination of bipolar cautery and endoscop¬ 
ic scissors, the posterior attachment of the superior 
turbinate is separated from the anterior sphenoid wall 
without significant bleeding (Fig. 7.4). Alternatively, 
a microdebrider may be used to remove the superi¬ 
or turbinate. 

If the sphenoid sinus ostium has not been iden¬ 
tified before, it is usually apparent now. It is used as 
the starting point for wide sphenoidotomy (Fig. 7.5). 
However, if the ostium is difficult to identify, the 
sphenoid sinus may be entered medially, about half¬ 
way between the skull base and the choana. Differ¬ 
ent instruments may be used for anterior sphenoid 
wall removal. They include sphenoid punch, drill or 
microdebrider. The author prefers the Kerrison ron¬ 
geurs. They are safe, predictable, reliable, and come 
in different sizes and angulations (Fig. 7.6). Again, 
as mentioned in the “Transnasal-Transethmoid Ap¬ 
proach” section, proceeding laterally and superiorly 



Fig. 7.5. Wide sphenoidotomy is begun through the natural 
ostium. (Reprinted with permission from Har-El [6]) 


should be done with caution. Palpation with up-bit- 
ing forceps or a neurosurgical nerve hook before bone 
removal is recommended (Fig. 7.7). Insertion of a 70° 
telescope into the sphenoid cavity will allow the sur¬ 
geon to evaluate the lateral wall and the roof before 
bone removal. 

The surgeon must remember that the posterior di¬ 
vision of the sphenopalatine artery, the nasoseptal 
division, runs across the anterior wall of the sphe¬ 
noid sinus from lateral to medial [5, 17]. Depending 
on the extent of sphenoidotomy required, it is safer 
to cauterize the inferior aspect of the anterior sphe¬ 
noid wall before bone removal. The extent of anterior 
sphenoid wall removal depends on the exact disease 
process and the planned procedure. By approaching 
the sphenoid sinus after removing the superior tur¬ 
binate, we usually have room for an 8 mm x 12 mm 
sphenoid sinus opening. This is certainly adequate for 
decompression or for exposure required for central¬ 
ly located lesions such as pituitary tumors. However, 
if additional exposure is required, the surgeon may 
extend the sphenoidotomy laterally and/or medial¬ 
ly. Lateral exposure may be obtained by performing 
limited posterior ethmoidectomy through the supe¬ 
rior meatus. This is followed by additional bone re¬ 
moval of anterior sphenoid wall in a medial-to-lateral 
direction. Again, positive identification of the carot¬ 
id artery and the optic nerve should be achieved be¬ 
fore this maneuver. 

For medial and contralateral extension of the sphe¬ 
noidotomy, one of two maneuvers may be used. The 
surgeon may elect to insert a backbiting bone punch 
into the sphenoid sinus and then remove the posterior 
aspect of the nasal septum in a posterior-to-anterior 






noidotomy. a Surgeon’s view, left sphenoid sinus, b Sagittal 
view, left sphenoid sinus. (Reprinted with permission from 
Har-El [6]) 


direction. Only limited, 2-5-mm, bone removal is re¬ 
quired. Alternatively, especially when the intrasphe- 
noidal septum and/or the midline sphenoid rostrum 
are very thick and do not allow the use of the backbit¬ 
ing forceps, the sharp end of a Freer elevator is used 
to penetrate through the posterior septum about 3-5 
mm anterior to the sphenoid sinus, into the contralat¬ 
eral posterior nasal cavity (Fig. 7.8a). Heavy straight 


Fig. 7.7. Up-biting forceps (or any other curved instrument) 
are used to palpate laterally and superiorly before bone remov¬ 
al. (Reprinted with permission from Har-El [6]). 

Takahashi forceps are then used to remove the re¬ 
maining strut of the nasal septum and then proceed 
into the sphenoid sinus by removing the sphenoid 
rostrum and the intrasphenoidal septum (Fig. 7.8b). 
The end result is a very wide sphenoidotomy which 
includes the midline and, if required, the contralater¬ 
al anterior sphenoid wall. 

For pituitary surgery, the intrasphenoidal sep¬ 
tum is usually removed. The bulging pituitary usu¬ 
ally makes the identification of the sella turcica quite 
easy [10,11], Confirmation of the exact location of the 
sella may be also achieved with the use of an intraop¬ 
erative computerized navigation system or the C-arm 
image intensifier. 

If it is not destroyed by the pituitary tumor, the 
leading bony wall of the sella turcica is removed with 
fine Kerrison rongeurs and the dura is exposed. Pitu¬ 
itary surgery is now performed in cooperation with 
the neurosurgical team. Depending on the amount of 
bleeding at the end of the procedure, intranasal pack¬ 
ing may or may not be required. As for pituitary sur¬ 
gery, if there is no evidence of CSF leakage, there is no 
need for extensive intrasphenoidal packing. 

The superior turbinectomy approach does not add 
any specific complications to the list mentioned above 
for the transethmoid approach. We have not seen any 
evidence of olfactory deficiency after unilateral tur¬ 
binectomy. We did, however, see an incidence of pos¬ 
terior septal necrosis and perforation despite the fact 
that transseptal surgery was not performed. This was 
attributed to bilateral cauterization of the nasosep- 
tal divisions of the sphenopalatine artery combined 
with a tight, prolonged, bilateral intranasal packing 
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Fig. 7.8. Medial/contralateral extension of the sphenoidoto- 
my. a Transseptal penetration into the contralateral posterior 
nasal cavity, b Straight forceps are used to remove the poste- 

because of CSF leakage. Shah and Har-El [19] stud¬ 
ied patient outcome after pituitary surgery. They com¬ 
pared the endoscopic direct transnasal approach with 
the conventional sublabial transseptal approach. They 
found a significantly shorter operative time, shorter 
hospital stay and lower incidence of immediate diabe¬ 
tes insipidus. There was no difference in the incidence 
of long-term diabetes insipidus. 
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Core Messages 


With the help of endonasal type I—III drain¬ 
ages it is possible to adjust frontal sinus sur¬ 
gery to the underlying abnormality. 

From types I—III upwards, surgery is increas¬ 
ingly invasive. 

Type III median drainage [5] is identical with 
the endoscopic modified Lothrop procedure 
17 ). 

The concept of endonasal drainages of the 
frontal sinus implicates preservation of bony 
boundaries of frontal sinus outlet in contrast 
to the classic external frontoorbital proce¬ 
dure [12, 13, 17, 23].This means less danger 
of shrinking and reclosure with development 
of mucocele. It is a surgical strategy, not just 
a technique. The frontoorbital external oper¬ 
ation should not be used anymore for treat¬ 
ment of inflammatory diseases. 

If type III drainage is technically not possi¬ 
ble (anteroposterior diameter of the frontal 
sinus of less than 0.8 cm) or failed, the os¬ 
teoplastic frontal sinus obliteration must be 
considered. 


Introduction 


Modern external and endonasal surgery of the para¬ 
nasal sinuses began roughly at the turn of the twenti¬ 
eth century [8, 25]. At the beginning of this new peri¬ 
od only a few surgeons were able to perform a success¬ 
ful endonasal ethmoidectomy and simple drainage of 
the frontal sinus. In the preantibiotic and preendo- 
scopic period, endonasal surgery of the paranasal si¬ 
nuses was a life-threatening treatment with a high in¬ 
cidence of catastrophic complications like meningitis, 
brain abscess and encephalitis. This was the reason 
why for many decades most of rhinologists preferred 
the external approach for paranasal sinus surgery. 
With the development of new optical aids, main¬ 
ly endoscopes and the operating microscope, a new 
revolutionary era started between the 1950s and the 
1970s. Further improved understanding of the patho¬ 
physiology of paranasal sinus mucosa played an im¬ 
portant role in the rebirth of endonasal sinus surgery 
[3, 9, 20], 

In the beginning of the 1980s a new concept for en¬ 
donasal micro-endoscopic frontal sinus surgery was 
established. The results concerning different types of 
frontal sinus drainage were published in several stud¬ 
ies where comprehensive experience with this surgical 
concept had been achieved [5,28]. Meanwhile, by doing 
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a high number of frontal type III drainages, wide-rang¬ 
ing knowledge with this technique could be gained [6], 


The following are indications for endonasal frontal si¬ 
nus drainage types I—III: 

1. Indications for type I drainage 

(a) Acute sinusitis 

- Failure of conservative surgery 

- Endocranial and orbital complications 

(b) Chronic sinusitis 

- Primary surgery 

- No risk factors (aspirin hypersensitivity, 
asthma, and nasal polyposis) 

- Revision after incomplete ethmoidectomy 

2. Indications for type II drainage 

(a) Type Ha drainage 

- Serious complications of acute sinusitis 

- Medial mucopyocele 

- Tumor surgery (benign tumors) 

- Good-quality mucosa 

(b) Type lib drainage - all indications of type Ha, 
if the resulting type Ha is smaller than 5x7mm. 
For type lib a drill is necessary. 

3. Indications for type III drainage 

(a) Difficult revision surgery 

(b) Primarily in patients with prognostic risk fac¬ 
tors and severe polyposis, particularly patients 
with 

- Samter’s triad 

- Mucoviscidosis 

- Kartagener's syndrome 

- Ciliary immotility syndrome 

- Benign and malignant tumors 


Preoperative Workup 


The most important aim of any surgical procedure is 
to relieve the patients’ symptoms. Not all symptoms 
of chronic sinusitis can be eliminated with surgical 
treatment. It is, therefore, of utmost importance to 
take the time to listen to patients and to establish their 
main problems. A discussion is then required to make 
clear to the patient what can be achieved with surgery 
and which symptoms are likely to be improved. 


Tips and Pearls 

It is also necessary to remember that sinus sur¬ 
gery is not about treating what is found on a CT 
scan, but is part of the management of a well- 
informed patient. 


In general, the history taken should include the 
following aspects: 

1. Symptoms of the present illness. Patients frequently 
present to the surgeon with their diagnosis, instead of 
describing their signs and symptoms. Detailed ques¬ 
tioning about the symptoms is required, concentrat¬ 
ing on the duration, time of onset and any symptom- 
free intervals. The patient should also be asked for the 
most common symptoms of chronic sinusitis. 

Common symptoms of chronic sinusitis include: 


Nasal obstruction 
Postnasal drip 
Headache and location 
Facial pressure 
Hyposmia 


2. Past medical and surgical history. Most patients 
who are referred for sinus surgery have been treated 
medically in the past. Many of them have had sever¬ 
al courses of antibiotics in conjunction with systemic 
and/or topical corticosteroids. It is mandatory to ask 
all patients about any previous sinus surgery. 

The following questions during the taking of the 
medical history require particular attention: 


Episodes of antibiotic therapy? 

Duration of local/systemic corticosteroid 
treatment? 

Previous surgery? 

Success of previous surgery and symptom-free 
intervals after surgery? 

Any other medication, particularly agents 
which can cause mucosal swelling as a side ef¬ 
fect, such as antihypertensive drugs? 

Presence of Samter’s triad (polyps, asthma, 
aspirin intolerance)? 


3. Physical examination and endoscopy. Routine phys¬ 
ical examination includes anterior rhinoscopy and 
rigid/flexible nasal endoscopy. Anterior rhinoscopy 
gives the surgeon a first impression of the sinonasal 
condition. 

The following features should be noted from the 
physical examination: 


Septal deviation 

Color, texture and turgor of the mucosa 
Size and shape of the turbinates 


Endoscopic examination of the nasal cavity with rig¬ 
id and flexible endoscopes is now the gold standard 
in the preoperative evaluation of chronic sinusitis. In 
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our hospital we prefer the flexible endoscope as it is 
well tolerated, even in children, and most patients do 
not even require local anesthesia. A 0° or 30° rigid en¬ 
doscope can also be used to examine the nasal cavity. 
Before using a rigid endoscope, a mixture of topical 
anesthetic and a vasoconstrictor should be applied to 
the nasal mucosa. By displaying the endoscopic image 
on a TV monitor, we can demonstrate any abnormal¬ 
ity to the patient. 

During nasal endoscopic examination, the follow¬ 
ing anatomical structures should be evaluated rou¬ 
tinely: 


Relationship between the middle turbinate and 
the nasal septum 

Paradoxical middle turbinate (a medially rath¬ 
er than a laterally concave middle turbinate) 
The extent of resection of a previously 
trimmed middle turbinate 
The presence of a concha bullosa (an air-filled, 
pneumatized middle turbinate) 

The extent and size of any polyps 


Operative Techniqiu 


The procedure is performed with the patient under 
combined general and local anesthesia. Nasal vi- 
brissae are cut to get a better view of the nasal cavi¬ 
ty when using the microscope. To minimize bleed¬ 
ing, topical decongestant is applied by packing the 
inferior and middle portions of the nasal meatus 
with gauze strips soaked in naphazoline hydrochlo¬ 
ride and 2ml of 10% cocaine solution. Injection with 


1% Xylocaine with 1:120,000 units of epinephrine is 
performed in the region of the agger nasi and unci¬ 
nate process. At least 10 min should be allowed for 
local vasoconstriction. Packing of the throat is also 
performed. Bleeding is a major concern during en¬ 
donasal sinus surgery. In many cases, bleeding can 
be minimized with the support of anesthetic tech¬ 
niques. The anesthesiologist should be informed 
continuously about the actual bleeding condition, 
and should follow surgery on a monitor. Intraoper¬ 
ative communication between the surgeon and the 
anesthesiologist is essential. 

If the comorbidities of the patient provide no con¬ 
traindication, the anesthesiologist should intraoper- 
atively aim at a mean arterial pressure of 60 mmHg 
and a heart rate of 50-60 beats per minute. Arterial 
hypotension will minimize hemodynamic causes for 
bleeding. 

The influence of various anesthetics on bleeding is 
continuously under discussion. A total intravenous 
technique may have advantages with regard to bleed¬ 
ing on the microcirculatory level. In the case of dif¬ 
fuse bleeding, adrenaline-soaked pledgets (1:1,000 
adrenaline) may be applied intraoperatively [1], We 
recommend starting the surgery on the right side, 
with the surgeon staying on the same side. Because 
of the positioning of the surgeon, the surgical ap¬ 
proach is more difficult on the right side than on the 
left. The combined endonasal micro-endoscopic sur¬ 
gery is performed by using a Zeiss operating micro¬ 
scope with a 250- or 275-mm objective lens and a 45° 
rigid telescope with a suction/irrigation handle (Fig. 
8.1). The shaver is very useful for gentle tissue remov¬ 
al and also for drilling in the frontal sinus. Surgery on 
the frontal recess is usually preceded at least by an an- 


Fig. 8.1. Combined irriga¬ 
tion/suction handle with 
45° rigid telescope 
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terior ethmoidectomy, but more often than not by a 
complete ethmoidectomy. Exceptions are those cas¬ 
es where a complete ethmoidectomy has already been 
performed. It is important to remove agger nasi cells 
and to visualize the attachment of the middle turbi¬ 
nate medially, the lamina papyracea laterally, and the 
anterior skull base with the anterior ethmoid artery 
superiorly. 


Type I: Simple Drainage 

The type I drainage (Fig. 8.2a) is established by eth¬ 
moidectomy including the cell septa in the region of 
the frontal recess [14], The inferior part of Killian’s in¬ 
fundibulum and its mucosa remain untouched. This 
approach is indicated when there is only minor ab¬ 
normality in the frontal sinus and the patient does not 
suffer from “prognostic risk factors” like aspirin hy¬ 
persensitivity and asthma, which are associated with 
poor quality of mucosa and possible problems in out¬ 
come. In the majority of cases the frontal sinus heals 
because of the improved drainage via the ethmoid 
cavity. 


Type lla/llb: Extended Drainage 

Extended drainage is achieved after ethmoidectomy 
by resecting the floor of the frontal sinus between the 
lamina papyracea and the middle turbinate (type Ha; 
Fig. 8.2b) or the nasal septum (type lib; (Fig. 8.2c, d)) 
anterior the ventral margin of the olfactory fossa. 

Hosemann et al. [10,11] showed in a detailed ana¬ 
tomical study that the maximum diameter of a neo¬ 
ostium of the frontal sinus (type Ha), which could be 
gained using a spoon or a curette, was 11 mm, with an 
average of 5.6 mm. They also presented an excellent 
critical evaluation and results [11]. 

If one needs to achieve a larger drainage opening 
like type lib, one has to use a drill because of the in¬ 
creasing thickness of the bone going more medially 
towards the nasal septum. During drilling with the 
diamond burr in a classic drill hand piece, bone dust 


may fog the endoscope, demanding repeated clean¬ 
ing. At this point the microscope is useful as it allows 
one to work with two hands, while an assistant holds 
a simple self-retracting speculum. The endoscopic 
fourhand technique as an alternative was developed 
by May (1990) and was popularized recently by sev¬ 
eral authors [18]. Sinus surgery is carried out by the 
surgeon and an assistant. The rigid telescope is held 
by the assistant, thereby enabling the surgeon to work 
with both hands. The surgeon is able to control the 
suction with one hand and perform dissection with 
the other hand; hence he/she will be able to achieve 
good visualization when there is more bleeding. A de¬ 
tailed description of this technique is given by Sim- 
men and Jones [24], 

A great help for drilling in the frontal sinus is 
achieved with new straight and differently curved 
drills used with the shaver providing simultaneous 
suction and irrigation, thus reducing fogging of the 
telescopes (Fig. 8.3). 

As soon the frontal recess is identified using the 
middle turbinate and, where identifiable, the anteri¬ 
or ethmoid artery as landmarks, the frontal infundib¬ 
ulum is exposed and the anterior ethmoid cells are 
resected. During surgery, repeated considerations of 
the CT scan will establish the presence of so-called 
frontal cells [14], which can develop far into the fron¬ 
tal sinus giving the surgeon the erroneous impression 
that the frontal sinus has been properly opened. Sag¬ 
ittal CT slices and navigation may be helpful in dif¬ 
ficult situations. In the case of frontal cells, a proce¬ 
dure called by Stammberger [26] “uncapping the egg” 
using a 45° telescope may be necessary, resulting in a 
type Ha drainage. 

If after a type Ha drainage has been performed, 
further widening to produce a type lib drainage is re¬ 
quired, the diamond burr is introduced into the clear¬ 
ly visible gap in the infundibulum and drawn across 
the bone in a medial direction. Care is taken to ensure 
that the frontal sinus opening is bordered by bone on 
all sides and that mucosa is preserved at least on one 
part of the circumference. In case one feels the type 
Ha drainage is too small with regard to the underly¬ 
ing abnormality, it is better to perform the type lib 
drainage. At the end, a rubber finger stall can be in¬ 
troduced into the frontal sinus for about 5 days. 


Fig. 8.2. Different kinds of endonasal frontal sinus drainage, 
a Type I drainage after anterior ethmoidectomy. b Type Ha 
drainage. Removal of the frontal sinus floor from the lamina 
papyracea and middle turbinate, c Type lib drainage with ex¬ 
tension of the drainage from the lamina papyracea to the nasal 
septum, d Type lib drainage detail with identification of the 
first olfactory fiber. (Reprinted from [5] with kind permission 
from Springer Science+ and Business Media), e View from left 


inferior. Type III drainage with “frontal T” and first olfactory 
fiber on both sides, f Sagittal view of the type III drainage with 
resection of the frontal sinus floor anterior to the olfactory 
cleft, aea anterior ethmoid artery, eg crista galli, Ifs left frontal 
sinus. Ip lamina papyracea, ml middle turbinate, ns nasal sep¬ 
tum, oc olfactory cleft, of olfactory fiber, rfs right frontal sinus, 
ss sphenoid sinus. (Reprinted from [5] with kind permission 
from Springer Science+Business Media) 
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Fig. 8.3. A 70° diamond 
burr for performing 
resection work on the floor 
and septum of the frontal 
sinuses 
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Type III: Endonasal Median Drainage 

The extended type lib opening is enlarged by remov¬ 
ing portions of the superior nasal septum in the neigh¬ 
borhood of the frontal sinus floor (Fig. 8.2e, f, Vid¬ 
eo 8.1). The diameter of this opening should be about 
1.5 cm. This is followed by resection of the frontal si¬ 
nus septum or septa, if there is more than one. Start¬ 
ing on one side of the patient, one crosses the midline 
until the contralateral lamina papyracea is reached. 

To achieve the maximum possible opening of the 
frontal sinus, it is very helpful to identify the first ol¬ 
factory fibers on both sides: the middle turbinate is 
exposed and millimeter by millimeter cut from an¬ 
terior to posterior along its origin at the skull base. 
After about 1.5 mm and just medial to the origin of 
the middle turbinate, one will see the first olfactory fi¬ 
ber coming out of a little bony hole. The same is done 
on the contralateral side. After completing the resec¬ 
tion of the perpendicular plate back to the first olfac¬ 
tory fibers, one can identify the “frontal T” [5], which 
is a result of surgical dissection, like the “bridge” in 
ear surgery. Its long crus is represented by the poste¬ 
rior border of the perpendicular ethmoid lamina re¬ 
section; the shorter wings on both sides are provided 
by the posterior margins of the frontal sinus floor re¬ 
section (Fig. 8.2e, f). After that, the ethmoidectomy 
on the left side is completed in the same way as on 
the right. 

To perform the type III drainage in the technically 
most efficient way, it is helpful to change between the 
use of an endoscope and a microscope. Alternatively, 
this procedure can be done with the endoscope alone, 
though it is more time-consuming. Curved drills of 
different angles used with the shaver motor are help¬ 
ful. They allow one to go more superiorly with the re¬ 
section of the interfrontal sinus septum and to per¬ 
form a more complete removal a possible frontal cell. 
These measures help to create excellent landmarks 
for the anterior border of the olfactory fossa on both 
sides, which makes the completion of frontal sinus 
floor resection to its maximum until the first olfacto¬ 
ry fiber easier and safer (Fig. 8.2e, f). 


In difficult revision cases, one can begin the type 
III drainage primarily from two starting points, ei¬ 
ther from the lateral side, as already described, or me¬ 
dially. The primary lateral approach is recommended 
if the previous ethmoid work was incomplete and the 
middle turbinate is still present as a landmark. One 
should adopt the primary medial approach, if the eth¬ 
moid has been cleared and/or if the middle turbinate 
is absent. 

The medial approach begins with the partial resec¬ 
tion of the perpendicular plate of the nasal septum, 
followed by identification of the first olfactory fiber 
on each side, as already described. 

After surgery the patient is put on antibiotics un¬ 
til the packing is removed on the seventh postopera¬ 
tive day. The long lasting packing allows reepitheli- 
alization of most parts of the surgical cavity, which 
makes the postoperative treatment more comfortable. 
Recently we started to fill the frontal sinus and upper 
anterior ethmoid with a new gel (Stammberger Sinus 
Dressing, Rapidrhino Company) and put only two 
rubber finger stalls underneath into the nose. This 
seems to reduce the time of packing to 5 days without 
compromising the high long-term opening rate. 

The endonasal median drainage is identical to 
the nasofrontal approach IV [19] and the “modi¬ 
fied Lothrop procedure” [7], Lothrop [15, 16] himself 
warned against using the endonasal route, judging it 
as too dangerous during his time and he performed 
the median drainage via an external approach. In 
1906, Halle [8] created a large drainage from the fron¬ 
tal sinus directly to the nose using the endonasal ap¬ 
proach with no more aids than a headlight and the 
naked eye. 

The principal difference between the endonasal 
median frontal sinus drainage and the classic fron- 
toorbital external Jansen [13], Lothrop [16], Ritter 
[23], Lynch [17] and Howarth [12] operation is that 
the bony borders around the frontal sinus drainage 
are preserved. This makes it more stable in the long 
term and reduces the likelihood of reclosure by scar¬ 
ring [2], which may lead to recurrent frontal sinusitis 
or a mucocele, not to mention the avoidance of exter¬ 
nal scar. 
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The endonasal median drainage (type III) is indi¬ 
cated after one or several previous sinus operations 
have not resolved the frontal sinus problem, including 
an external frontoethmoidectomy. It is also justified 
as a primary procedure in patients with severe polyp¬ 
osis and other prognostic “risk factors” affecting out¬ 
come, such as aspirin intolerance, asthma, Samter’s 
triad (aspirin hypersensitivity, asthma and allergy), 
Kartagener’s syndrome, mucoviscidosis and ciliary 
dyskinesia syndrome. Its use in patients with severe 
polyposis without these risk factors is undetermined 
and needs to be evaluated. It seems that patients with 
generalized polyposis but who still show in the pe¬ 
riphery of the sinuses along the skull base air on a cor¬ 
onal CT scan (“halo sign”) have a comparatively bet¬ 
ter prognosis than those without, and can be man¬ 
aged by a more conservative technique. It is useful 
also for removal of benign tumors in the frontal sinus 


(Fig. 8.4) and the ethmoid as long as the main part of 
the tumor in the frontal sinus is medial to a postop¬ 
erative vertical line through the lamina papyracea. In 
addition the use of the type III drainage makes the re¬ 
moval of malignant tumors which are just reaching 
the frontal sinus safer. 


Tips and Pearls 

Early identification of lamina papyracea and 
middle turbinate as the most important ana¬ 
tomic landmarks. 

Control of the eye bulb during the whole sur¬ 
gery by the surgeon and the operating nurse. 

■ A bulb pressing test after Draf [4] and Stankie- 
wicz [27] can be helpful when there is suspi¬ 
cion of injury to the lamina papyracea. 



Fig. 8.4. Patient with an osteoma of the left frontal sinus com- after tumor removal in combination with a type III frontal si- 

plaining of unilateral frontal headaches, a Preoperative coro- nus drainage showing a wide-open left frontal sinus without 

nal CT scan with total opacification of the left frontal sinus, any evidence of tumor recurrence 
Magnetic resonance tomography (b) and CT (c, d) 6 months 
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Always dissect laterally to the middle turbi¬ 
nate, never medially and superiorly. 

The middle meatal antrostomy should be per¬ 
formed just above the inferior turbinate 
and should not go further anteriorly than the 
lacrimal sac and the nasolacrimal duct. 

If middle turbinate surgery is needed, the 
superior part should be preserved as an ana¬ 
tomic landmark. 


Postoperative Care 


No uniform recommendations concerning postop¬ 
erative care exist in the literature. We would like to 
offer some general recommendations for postopera¬ 
tive treatment. We have learned by experience that lo¬ 
cal aftercare should concentrate on removal of mo¬ 
bile obstructive material only, not on crusts protect¬ 
ing mucosal wounds. 

Local aftercare of the surgical area by the ENT surgeon: 

1. In the postoperative days after removal of packing 
and with continuously expanding interval based 
on each individual patient for about 3 months 

2. Local aftercare should consist of: 

(a) Removal of mobile fibrin clots and crusts only 

(b) Separation of synechiae and adhesions 

(c) Suction of secretion from the nasal cavity 

Daily local care of the operative area by the patient: 

1. Minimum of 3 months 

2. Application of topical steroids 

3. Inhalation and irrigation of the nose 

4. Application of ointments 

Systemic aftercare: 

1. Antibiotics: They are indicated in the postoperative 
period for 1-2 weeks in cases of acute sinusitis or 
chronic purulent sinusitis. In type III drainage, we 
recommend prophylactic antibiotic use, as long as 
the packing is in place. 

2. Antiallergic medical therapy. This is recommended 
for 6 weeks postoperatively if allergy has been di¬ 
agnosed by history or specific tests. In less severe 
cases, we prescribe day antihistamines. In patients 
with severe allergy (e.g., Samter’s triad), the combi¬ 
nation of antihistamines with low-dose corticoste¬ 
roid medication for 6 weeks helps to prevent early 
recurrence of polyps. 


Results of Endonasal Frontal Sinus Surgery 


Judging the results of endonasal frontal sinus surgery 
requires a postoperative follow-up of 10 years or more 
[21,22], The failure rate of Neel et al. [21] with a mod¬ 
ified Lynch procedure increased from 7% at a mean 
follow-up of 3.7 years to 30% at 7 years. Weber et al. 
[30] carried out in 1995 and 1996 two studies. In the 
first retrospective study, patients who underwent en¬ 
donasal frontal sinus drainage (471 type I drainag¬ 
es, 125 type II drainages and 52 type III drainages) 
between 1979 and 1992 were evaluated. From these 
groups, random patients were examined: 42 patients 
with type I drainage, 43 with type II drainage and 47 
with type III drainage were included into the study. 
In each patient the indication was chronic polypoid 
rhino sinusitis, except in five cases with type III drain¬ 
age in which an orbital complication existed associat¬ 
ed with acute sinusitis. The follow-up period was be¬ 
tween 1 and 12 years, with a median of 5 years. Appli¬ 
cation of subjective and objective criteria to evaluate 
the success of endonasal frontal sinus drainage (grade 
1, endoscopically normal mucosa, independent of the 
subjective complaints; grade 2, subjectively free of 
symptoms, but with endoscopically visible inflam¬ 
matory mucosal changes; grade 3, no subjective im¬ 
provement and pathologic mucosa, i.e., failure) al¬ 
lowed success rates of 85.7%with type I drainage, 
83.8% with type II drainage and 91.5% with type III 
drainage to be achieved. This means that, despite the 
choice of prognostically unfavorable cases, type III 
drainages appeared to show the best results, though 
this was not statistically significant among the three 
groups. 

In a second study [28-30], endoscopic and CT ex¬ 
aminations were systematically carried out. After 12- 
98 months follow-up of patients with type II drainage, 
58% of 83 frontal sinuses were ventilated and normal. 
A ventilated frontal sinus with hyperplastic mucosa 
was seen in 12% of cases. Scar tissue occlusion with 
total opacification on the CT scan was evident in 14% 
of cases. In 16% of cases, total opacification was due to 
recurrent polyposis. Patients were free of symptoms 
or had only minor problems in 79% of cases. 

After a period of 12-89 months following type III 
drainage, 59% of 81 frontal sinuses were ventilated 
and normal. A ventilated frontal sinus with hyper¬ 
plastic mucosa was seen in 17% of cases. Scar tissue 
occlusion with total opacification on the CT scan was 
obvious in 7% of cases and, in 16% of cases there was 
total opacification due to recurrent polyposis. The pa¬ 
tients were free of symptoms or had only minor prob¬ 
lems in 95% of cases. Already this first series of reeval¬ 
uation of long-term results demonstrates the value of 
the endonasal frontal sinus surgery. 
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Core Messages 


■ The endoscopic modified Lothrop procedure 
is an alternative to an osteoplastic flap pro¬ 
cedure. 

■ The procedure involves endoscopic intrana¬ 
sal removal of the frontal intersinus septum, 
frontal sinus floor, nasal beak and, anterior 
superior nasal septum. 

■ The accessible dimension is the distance be¬ 
tween two parallel lines that lie in the para¬ 
sagittal plane through the midportion of the 
internal frontal ostium with the first line tan¬ 
gential to the skull base and the second line 
tangential to the posterior margin of the na¬ 
sal beak. An accessible dimension less than 
5 mm would preclude the patient s candida¬ 
cy for the endoscopic modified Lothrop pro¬ 
cedure. 

■ Drilling on the posterior area of the frontal 
recess is avoided in order to prevent postop¬ 
erative circumferential stenosis, injury to the 
skull base with possible CSF leak, or injury to 
the anterior ethmoid artery. 

■ A large septectomy is made to provide surgi¬ 
cal access of instruments from both sides of 
the nose as well as to help prevent postoper¬ 
ative crusting. 
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Introduction 


The complex and variable anatomy of the frontal si¬ 
nus and recess makes the surgical treatment of chron¬ 
ic disease in this area both dangerous and challeng¬ 
ing. Pneumatization of the frontal bone by numerous 
anterior ethmoid air cells during development may 
effectively block the already narrowed outflow tract 
of the frontal sinus. In addition, the area of the frontal 
recess is particularly poorly visualized during endo¬ 
scopic sinus surgery owing to its anterior and cepha- 
lad position. These factors together increase the pre¬ 
dilection for scarring and stenosis causing complete 
sinus obstruction that may be refractory to conven¬ 
tional endoscopic techniques [14,19]. As well, the po¬ 
tential for injury to intimately associated structures 
such as the lamina papyracea, cribriform plate, and 
anterior ethmoidal artery is greater and can make 
surgery in this area a daunting task for the novice en¬ 
doscopic surgeon. 

Because of the anatomic complexity of the region, 
Lothrop advocated an external approach for fron¬ 
tal sinus drainage and discouraged an intranasal ap¬ 
proach. The Lothrop procedure consisted of bilater¬ 
al external ethmoidectomy, removal of the frontal si¬ 
nus floor with communication of both frontal sinuses 
through a large nasal septectomy. This external pro¬ 
cedure required the removal of the lacrimal bone and 
a portion of the lamina papyracea, which caused me¬ 
dial collapse of the orbital contents and subsequent 
stenosis of the nasofrontal communication [1], The 
procedure did not gain much popularity and with 
the advent of the osteoplastic flap procedure in the 
1960s, the Lothrop procedure was largely abandoned 
amongst surgeons. Despite being the “gold standard,” 
the osteoplastic procedure with or without frontal si¬ 
nus obliteration has a reported failure rate of approx¬ 
imately 10%, with a range of 6-25% [3, 15, 16]. It is 
also associated with postoperative morbidities such 
as frontal bossing, supraorbital neuralgia, donor site 
complications, and scarring [17]. 

In the early 1990s, new advances in endoscopic si¬ 
nus surgery technology allowed surgeons to revisit 














94 Francis T.K. Ling, loannis G. Skoulas, Stilianos E. Kountakis 


9 


the management of recalcitrant frontal sinus disease 
through a completely intranasal approach. In 1995, 
Gross et al. [9] first introduced the modification of 
the Lothrop procedure as an alternative to the osteo¬ 
plastic flap procedure. Their modification involved a 
complete endoscopic intranasal removal of the fron¬ 
tal intersinus septum, frontal sinus floor, and anteri¬ 
or superior nasal septum, thus allowing a more pre¬ 
cise surgical management of frontal sinus outflow ob¬ 
struction using advanced drilling technology. Since 
the first description of the procedure, several sur¬ 
geons have reported success with the endoscopic 
modified Lothrop procedure comparable to that with 
the osteoplastic flap procedure in the management of 
frontal sinus disease [2,4,6,10,12,13,18]. Because of 
its numerous advantages, such as improved cosmesis, 
decreased morbidity, and shorter hospitalization, this 
procedure is slowly becoming the procedure of choice 
over the osteoplastic flap procedure in the manage¬ 
ment of persistent frontal disease after failure of max¬ 
imal medical management and conservative endo¬ 
scopic sinus surgery. Indications have also expanded 
to include other conditions as listed below: 

1. Indications 

(a) Failure of appropriate medical therapy and 
primary endoscopic frontal sinusotomy in the 
treatment of persistent chronic frontal sinus¬ 
itis 

(b) Mucoceles of the frontal sinus 

(c) Inverted papilloma invading the frontal recess 
and sinus 

(d) Select osteomas 

(e) Trauma of the frontal sinus 

(f) Alternative to osteoplastic frontal sinus oblit¬ 
eration 

(g) Revision of a previous endoscopic modified 
Lothrop procedure in a symptomatic patient 
demonstrating stenosis 

2. Contraindications 

(a) Hypoplastic frontal sinus and frontal recess 

(b) Surgeon inexperience 

(c) Proper instrumentation unavailable 

(d) Sinus disease confined to supraorbital ethmoid 
air cells and not to the frontal sinus 


Preoperative Workup 


The endoscopic modified Lothrop procedure is rec¬ 
ommended as a surgical option when an external os¬ 
teoplastic flap procedure is contemplated for the sur¬ 
gical treatment of frontal sinus disease [6, 9], Candi¬ 
date patients generally have failed more conservative 
limited endoscopic sinus surgery and, ideally, have 


progressed through a protocol of increasingly com¬ 
plex surgeries. In order of more to less conservative, 
these procedures are as follows: ethmoidectomy with 
medial maxillary antrostomy without surgery in 
the frontal recess, frontal recess surgery, endoscop¬ 
ic frontal sinusotomy, unilateral extended frontal si¬ 
nus surgery (Draf II procedure), endoscopic modified 
Lothrop procedure, and osteoplastic flap procedure 
with frontal sinus obliteration [11]. 


Tips and Pearls 

Prior to surgery, the patient’s underlying con¬ 
dition causing frontal sinus disease is opti¬ 
mized medically. 


A selective combination of nasal irrigations, antibi¬ 
otics, leukotriene antagonists, topical, nebulized and/ 
or oral steroids is often required. Such aggressive pre¬ 
operative care is mandatory postoperatively as well to 
prevent restenosis of nasofrontal drainage leading to 
disease recurrence. This is especially important for 
patients with more aggressive disease, such as hyper¬ 
plastic rhinosinusitis, sarcoidosis, Wegener’s granulo¬ 
matosis, and Samter’s triad. 


Tips and Pearls 

Anatomic evaluation of the frontal sinus region 
with a computed tomography (CT) scans is key 
to the feasibility and safety of the endoscopic 
modified Lothrop procedure. 


The number and the location of frontal recess air 
cells should be determined as they will dictate the 
number of barriers that will require removal to 
reach the internal frontal sinus ostium [5,19]. Sagit- 
tally reconstructed views of the frontal recess are re¬ 
quired to determine the important anatomic dimen¬ 
sions needed to allow safe introduction of the drill. 
The original recommended dimensions [6] were an 
anteroposterior dimension at the cephalad margin 
of the frontal recess of at least 1.5 cm, and a nasal 
beak no thicker than 1 cm. With newer, less bulky 
powered drills, a recent cadaver study demonstrat¬ 
ed that these instruments can be safely introduced 
into a frontal recess anteroposterior dimension that 
was less than 1.5 cm [5], It was determined that an 
accessible dimension of at least 5 mm is required to 
allow safe removal of the nasal beak and frontal si¬ 
nus floor. This accessible dimension is the distance 
between two parallel lines that lie in the parasagittal 
plane through the midportion of the internal frontal 
ostium with the first line tangential to the skull base 
and the second line tangential to the posterior mar¬ 
gin of the nasal beak (Fig. 9.1). 
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Fig. 9.1. The accessible dimension is the distance between 
two parallel lines that lie in the parasagittal plane through the 
midportion of the internal frontal ostium with the first line 
tangential to the skull base and the second line tangential to 
the posterior margin of the nasal beak 


Tips and Pearls 

Accessible dimension less than 5 mm would 
preclude the patient s candidacy for endoscopic 
modified Lothrop procedure even with the 
smallest drills that are available today 


Surgical Technique 


With the patient under general anesthesia, in the su¬ 
pine position, the nasal cavities are first decongested 
using 4 ml of 4% cocaine solution. The septum and 
lateral nasal wall at the anterior insertion of the mid¬ 
dle turbinate are injected with up to 10 ml of 1% lido- 
caine and 1:100,000 epinephrine solution. Preopera¬ 
tive antibiotics are given intravenously. 

Review of the CT scan and set-up of image-guid¬ 
ed navigational equipment is used to help identify the 
frontal recess, skull base, and floor of the frontal si¬ 
nus. Rigid endoscopy is then performed to evaluate 
the nasal cavities and the most approachable fron¬ 
tal recess is chosen to start the procedure. The use of 
a 30° or 45° endoscope can facilitate visualization of 
this area. 

Identification of the frontal sinus ostium is re¬ 
quired next. Medialization of the middle turbinate 
or its remnant is performed to allow better access to 
the frontal recess. Various methods can then be used 
to identify the frontal recess and frontal ostium. One 
method involves insertion of a wire probe through 
the frontal isthmus into the frontal sinus to assist in 


anatomic orientation and to protect posterior struc¬ 
tures [1], Another method to identify the frontal os¬ 
tium makes use of saline and fluorescein (0.5 ml of 
25% fluorescein) irrigations through a minitrephine 
placed through a stab incision on the medial aspect of 
the eyebrow into the frontal sinus [17]. 


Tips and Pearls 

Anatomically, the frontal ostium is identified 
posterior and medial to the recessus terminalis, 
which is the region where the uncinate process 
most commonly attaches to the lamina papy- 
racea. 


Its location can be identified and confirmed with the 
help of computer-image guidance. 

Once the frontal recess has been identified, the su¬ 
perior attachment of the uncinate process remnant is 
resected using a microdebrider and careful remov¬ 
al of frontal recess air cells is performed to reach the 
frontal sinus ostium. Once this has been found, mu¬ 
cosa above the insertion of the middle turbinate is re¬ 
moved with the microdebrider and drilling is initi¬ 
ated with a 3.2-mm straight burr in an anterior di¬ 
rection through the anterior insertion of the middle 
turbinate to enlarge the frontal sinus ostium until the 
level of the nasal bone is reached. Laterally, drilling 
is continued until the level of the plane of the lamina 
papyracea. Drilling is then continued medially until 
the plane of the nasal septum is reached. This effec¬ 
tively removes the nasal beak (Fig. 9.2). 

Drilling must be precise and atraumatic to the sur¬ 
rounding mucosa: 


Ciliated epithelium over the lateral wall of the 
frontal recess must be preserved to facilitate 
mucociliary transport out of the frontal sinus. 
Mucosa at the posterior margin of the frontal 
sinus ostium should not be removed in or¬ 
der to prevent postoperative circumferential 
stenosis. 

Drilling is directed in an anterior and cepha- 
lad direction to avoid injury to the skull base 
with possible CSF rhinorrhea or hemorrhage 
from the anterior ethmoid artery. 


In order to avoid going through the nasal bones, two 
fingertips can be placed over the nasal root to feel and 
sense the closeness of the drill to the nasal bones. This 
can prevent soft-tissue injury over the nasal root at 
the glabella and subsequent cosmetic deformity. 

After removal of the nasal beak, a septectomy is 
then performed to allow broad visualization of the 
operative area and permit greater maneuverability 
of instruments within the nasal cavity (Fig. 9.3). In 
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'Nasal beak" 


Fig. 9.2. The nasal beak is 
drilled down. Avoid drill¬ 
ing in the posterior frontal 
recess to prevent injury to 
the anterior ethmoid artery 
and possible CSF leak 



Fig. 9.3. A large septecto¬ 
my provides access to both 
nasal cavities and increases 
maneuverability of endo¬ 
scopic instruments 


addition, its primary purpose is to provide a large 
common communication for nasofrontal drain¬ 
age. Using the microdebrider, mucosa is removed 
over the perpendicular plate of the ethmoid anteri¬ 


or to the anterior insertion of the middle turbinate. 
A 2 cm x 2 cm portion of nasal septum is removed 
with its posterior aspect level with the anterior end 
of the middle turbinate. This involves removing the 
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Right Left 



Nasal septum 


a b 

Fig. 9.4. Drilling is continued through the nasal beak, removing the frontal sinus floor on the opposite side until the opposite 
lamina papyracea is reached 



Fig. 9.5. The resultant ostium should provide adequate access 
for endoscopic surveillance and debridement of the common 
frontal sinus cavities in the clinic 


perpendicular plate of the ethmoid up to the nasal 
floor of the frontal sinus. 


Tips and Pearls 

A larger rather than a smaller septectomy will 
prevent the accumulation of crusting and de 
layed healing seen with smaller septal perfora¬ 
tions. 


Through the septectomy, drilling is then continued 
through the nasal beak, removing the frontal sinus 


floor on the opposite side until the opposite lamina 
papyracea is reached (Fig. 9.4). Again, avoidance of 
injury to the mucosa laterally and posteriorly is es¬ 
sential. Complete removal of the frontal sinus septum 
is not necessary and may lead to violation of an ante¬ 
riorly displaced skull base. 

Palpation of the anterior face of the frontal sinus with 
a curved probe should then be performed to assess the 
completeness of the procedure. A palpable ledge would 
indicate incomplete removal of the nasal beak and may 
compromise nasofrontal outflow. The resultant ostium 
should be at least 2.0 cm x 1.5 cm at the completion of 
the operation. This will provide adequate access for en¬ 
doscopic surveillance and debridement of the common 
frontal sinus cavities in the clinic (Fig. 9.5). 


Postoperative Care 


Optimum medical treatment is required to reduce 
mucosal inflammation and subsequent stenosis or 
obstruction and hence ensure a successful outcome. 
A combination of postoperative antibiotics for 10 
days, high-dose mucolytics, intranasal steroid sprays 
and twice daily nasal saline irrigations using syringe 
or mechanized irrigation devices is recommended. In 
highly refractory cases such as hyperplastic sinusitis 
and nasal polyposis, asthma, Samter’s triad, or eosin- 
ophilia with or without polyposis, patients may ben¬ 
efit from short-term tapering doses of oral steroids. 
Endoscopic debridement of nasal crusts in the clin¬ 
ic 1 week postoperatively and every 2 weeks thereaf- 
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ter until the wound has been cleaned reduces bacte¬ 
rial and/or fungal load and aids in mucosal healing. 
Follow-up on a regular basis after mucosal healing is 
complete should be performed to monitor the disease 
process and ensure that restenosis does not occur. 


Outcomes and Complications 


Complications of the endoscopic modified Lothrop 
procedure are: 


Frontal ostium stenosis 
Orbital injury 
Intracranial injury 
Epistaxis 
Adhesions 


Frontal ostium stenosis is the most common compli¬ 
cation and it will adversely affect successful outcomes. 
Although outcomes based on shorter follow-up times 
have demonstrated frontal ostium patency rates of 
90-95% [8, 10, 11], at least 12-18 months is required 
for stabilization of the operative site. Studies with lon¬ 
ger mean follow-up times (20-40 months) have dem¬ 
onstrated reduced patency rates ranging from 57 to 
93% [2, 7,12,17]. Up to 20% of patients have been re¬ 
ported to require revision surgery secondary to fron¬ 
tal sinus stenosis and failed cases requiring an osteo¬ 
plastic flap procedure have been reported in up to 18% 
of patients [12], If one takes revision surgery and reso¬ 
lution of patient symptoms, the overall success rate of 
the endoscopic modified Lothrop procedure is on the 
order of 82-90%. These results are comparable to the 
success rates of the osteoplastic flap procedure. 

Orbital and intracranial injuries are the major 
complications of this surgery. Owing to the proximity 
of the surgery to the skull base, the risk of CSF rhinor- 
rhea and pneumocephalus is higher than that asso¬ 
ciated with standard endoscopic sinus surgery, but is 
not substantially different from that of the osteoplas¬ 
tic flap procedure [13], Despite this, none of the stud¬ 
ies have reported more than one patient having skull 
base violations. Minor complications such as epistax¬ 
is and adhesions can be seen in up to 25% of cases. 
This high number reflects the higher degree of com¬ 
plexity and aggressiveness of the endoscopic modified 
Lothrop procedure. 



The endoscopic modified Lothrop procedure is main¬ 
ly used in patients with recalcitrant frontal sinusitis. 
Its use is expanded for the treatment of mucoceles, in¬ 
verted papillomas invading the frontal sinus, osteo¬ 
mas, and frontal sinus trauma. Although short-term 
results are favorable, longer follow-up is required to 
determine the efficacy of this procedure especially in 
cases of mucoceles, where recurrence can occur up to 
20 years postoperatively. Although the osteoplastic 
flap procedure is still considered the “gold standard,” 
the endoscopic modified Lothrop procedure is quick¬ 
ly becoming the procedure of choice for the treatment 
of complex frontal sinus disease. 


Tips and Pearls 

1. Sagittally reconstructed CT scans are required 
to assess a patient’s candidacy for the endo¬ 
scopic modified Lothrop procedure. 

(a) Ideally, an anteroposterior dimension at 
the cephalad margin of the frontal recess 
between the nasal bones at the root of the nose 
and the anterior skull base should be at least 
1.5 cm. 

(h) Ideally, the nasofrontal beak should be less 
than 1 cm. 

(c) If the above dimensions are not ideal, then 
the accessible dimension should he at least 5 
mm. 

2. The number and the location of frontal recess 
cells should be determined in order to know 
the number of barriers needed to be removed 
to reach the frontal sinus ostium. 

3. When drilling, care is taken not to violate the 
mucosa on the lateral and posterior wall of the 
frontal recess in order to prevent complica¬ 
tions and postoperative stenosis. 

4. A large septectomy is required to provide bet¬ 
ter instrument access and adequate drainage 
of frontal sinuses and to prevent postoperative 
crusting. 

5. Aggressive preoperative and postoperative 
medical management and regular surveillance 
is required to improve successful surgical 
outcomes and prevent disease recurrence. 
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Core Messages 


■ The typical complaints that a patient with hy¬ 
perplastic rhinosinusitis presents with polyp¬ 
osis are nasal obstruction and anosmia. 

■ Important in establishing the history of hy¬ 
perplastic rhinosinusitis and nasal polyposis 
is the establishment of previous therapy for 
the condition. 

■ Preoperative nasal endoscopy with determi¬ 
nation of the extent of disease and visibili¬ 
ty of normal anatomic structures such as the 
uncinate process and middle turbinate is es¬ 
sential. 

■ Computed tomography evaluation is essen¬ 
tial in preoperative planning. 

■ All risks of surgery should be clear and un¬ 
derstood by the patient. 

■ Successful surgical outcomes require contin¬ 
ued postoperative medical therapy. 

■ The key first step in safe sinus surgery in pa¬ 
tients with polyps is establishment of the 
normal sinus anatomy. 

■ Constant visualization of instrumentation 
throughout the surgery will aid in preven¬ 
tion of inadvertent injury to the lamina pap- 
yracea or skull base. 

■ During endoscopic sinus surgery, position¬ 
ing the microdebrider window at 90° from 
the lamina papyracea will avoid inadvertent 
damage to orbital fat and contents in situa¬ 
tions with either and iatrogenic or inherent 
dehiscence of the lamina. 

■ Identifying the horizontal basal lamella will 
help avoid damage to the sphenopalatine ar¬ 
tery and maintain the structural integrity of 
the middle turbinate. 


■ If the frontal recess does not require manipula¬ 
tion, avoid disruption of the mucosa in the area. 

■ If polyps recur, they first recur in the frontal re¬ 
cess; however, this does not bother most pa¬ 
tients. 
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Introduction 


The term “rhinosinusitis” covers a broad spectrum 
of disease processes that develop from both envi¬ 
ronmental and host factors [27]. Rhinosinusitis can 
be acute, subacute (less than 3 months’ duration), or 
an acute exacerbation of chronic rhinosinusitis [27]. 
Hyperplastic rhinosinusitis refers to the inflamma¬ 
tory response of normal nasal mucosa and its asso¬ 
ciated nasal polyp formation [43]. Many theories ex¬ 
ist regarding the formation of nasal polyps; howev¬ 
er, the exact mechanism of nasal polyp formation is 
not yet understood [35]. Nasal polyps are present in 
5% of nonatopic individuals and only 1.5% of people 
with allergic rhinitis [16]. No racial or sexual predi¬ 
lection is reported. The prevalence is increased in pa¬ 
tients with cystic fibrosis and aspirin-hypersensitivity 
syndrome (Samter’s triad) [19, 22]. 
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Preoperative Evaluation 


Preoperative evaluation of the sinus patient begins 
with a complete otolaryngologic history and physical 
examination [20]. The typical complaints that a pa¬ 
tient with hyperplastic rhinosinusitis presents with 
polyposis are nasal obstruction and anosmia [24], A 
significant number of patients will have a history of 
repeated sinus infections, headache, and may have 
a medical history significant for asthma and aspi¬ 
rin sensitivity [11], Environmental allergy may also 
be prevalent [1], Since the major complaint associat¬ 
ed with hyperplastic rhinosinusitis and nasal polypo¬ 
sis is subjective in nature, many institutions advocate 
the use a preoperative sinonasal questionnaire. Many 
different questionnaires exist in the literature and all 
are focused on defining the baseline symptomatology 
of the disease as well as the level of exacerbation of the 
disease process [13]. 

Important in establishing the history of hyperplas¬ 
tic rhinosinusitis and nasal polyposis is the establish¬ 
ment of previous therapy for the condition [50]. The 
use of nasal inhaled steroids, oral steroids, prolonged 
periods of antibiotic use, and history of previous na¬ 
sal or sinus surgery provide important information 
and establish the failure of medical therapy for the 
disease process [9]. In many instances, medical ther¬ 
apy including an oral steroid and 4-8 weeks of anti¬ 
biotics provided intermittent relief of symptoms, but 
rapid return to the baseline upon cessation of thera¬ 
py [14]. 


A history of nasal trauma, midface trauma, or pre¬ 
vious surgery is an important consideration of pre¬ 
operative planning. Patients with such histories can 
pose a variety of problems. Dehiscence of the lamina 
papyracea, or other intranasal anatomic alterations 
may occur in such traumas [36]. In addition, nasal 
trauma with severe deviation may necessitate septo¬ 
plasty in order for surgical resection of nasal polypo¬ 
sis to be performed [23]. 

As with all patients, a thorough medical history to 
assess the risk of anesthesia, a propensity for bleed¬ 
ing, and the use of both prescribed anticoagulants as 
well as herbal supplements which may influence clot¬ 
ting ability is necessary [47]. It is important to estab¬ 
lish a social history with emphasis on tobacco use and 
exposure as well as environmental exposures that 
may contribute to nasal irritation. A complete review 
of systems with attention to endocrine disorders such 
as diabetes, immunologic disorders such as HIV and 
y-globulin deficiencies, as well as systemic disorders 
such as Wegeners granulomatosis provides signifi¬ 
cant diagnostic information. 

A complete head and neck examination is rou¬ 
tine in preoperative evaluation [20], Special attention 
is taken during the assessment of the nose and na¬ 
sal structures. Nasal polyposis can rarely lead to vis¬ 
ible nasal or facial deformity [28], Anterior rhinosco¬ 
py can demonstrate the extent of polyposis (Fig. 10.1) 
and the percentage of airway blockage. In addition to 
visible polyposis, evaluation of the turbinate struc¬ 
tures and nasal septum help determine other poten¬ 
tial causes for airway obstruction. Evaluation of the 



Fig. 10.1. Obstructing 
nasal polyp (arrow) 
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response of the nasal mucosa of the inferior turbi¬ 
nates to a vasoconstrictive agent such as neosyneph- 
rine may also aid in isolating the pathogenesis of na¬ 
sal obstruction [39]. 

Nasal endoscopy is very important in the preoper¬ 
ative evaluation of the hyperplastic rhinosinusitis pa¬ 
tient [40], Determination of the extent of disease and 
visibility of normal anatomic structures such as the 
uncinate process and middle turbinate are essential. 
The presence of pus, indicative of active infection, or 
allergic mucin, thick mucus with a peanut-butter-like 
appearance and consistency, may be visible [46] (Fig. 
10 . 2 ). 

Laboratory evaluation for hyperplastic rhinosinus¬ 
itis patients: 

■ Begins with an allergy screening [17]. Many differ¬ 
ent allergy-screening tests exist; from the radioal- 
lergosorbent test (RAST) to the Multi-Test II skin 
prick tests. Determining if atopy plays a role in the 
hyperplastic rhinosinusitis patient is important for 
postoperative prevention of nasal polyp recurrence 
[ 12 ]. 

■ Evaluation of the total immunoglobulin E level 
may be indicative of allergic fungal disease, with 
or without polyposis [38], 

■ Other laboratory tests that may be beneficial but 
that are cost-inhibitive include screening for y- 
globulin deficiencies [37, 48], Such tests may be 
more beneficial in the recalcitrant patient [8], 

■ The chloride sweat test is a necessary adjunct to the 
evaluation of the pediatric patient, but is generally 
not necessary in the adult population [2], 
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Computed tomography (CT) evaluation is essential 
in preoperative planning. A screening coronal sinus 
CT scan (5-mm coronal images) provides essential in¬ 
put into the extent of disease as well as the anatomic 
structure of the patient [25], Identification of the lev¬ 
el of the skull base and the status of the lamina papy- 
racea is essential prior to operative intervention and 
prevention of complications [42] (Fig. 10.3). Other im¬ 
portant information that can be obtained includes the 
status of the nasal septum as well as the presence of a 
concha bullosa that may be contributing to sinona- 
sal obstruction. Heterogenicity of an opacified sinus 
may be indicative of a fungal ball, whereas bowing of 
honey structures may be more indicative of mucocele 
formation [4], 


Tips and Pearls 

Preoperative CT evaluation: 

■ Determine the extent of involvement 
Identify the lamina papyracea 

Identify the level of skull hase/cribiform plate 

■ Identify the presence of a concha bullosa 


While the screening sinus CT scan provides a cost-ef¬ 
ficient evaluation of important bony anatomy, a three- 
dimensional CT scan such as those used for comput¬ 
erized guidance during surgery may provide addi¬ 
tional information in significant detail [44], While 
the computer-guided three-dimensional imagery can 
be an effective adjunct to surgical intervention, it is 
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Fig. 10.3. Sinus computed tomography scan showing the lam¬ 
ina papyracea (white arrow), medial rectus (red arrow), rela¬ 
tion of the skull base to the medial rectus (red line) and lateral 
lamella (black arrow) 


not the standard of care for primary nasal polyp sur¬ 
gery, nor should it be used in lieu of an understanding 
of the sinonasal anatomy as viewed through an endo¬ 
scope [33], Magnetic resonance imaging provides lit¬ 
tle useful adjunctive information with respect to sur¬ 
gical planning [32]. 

Indications for sinus surgery for hyperplastic rhi- 
nosinusitis/nasal polyposis are as follows: 

1. Absolute 

(a) Orbital abscess secondary to acute infection 

(b) Frontal lobe abscess/meningitis secondary to 
acute infection 

(c) Mucocele 

(d) Fungal mycetoma 

2. Relative 

(a) Chronic rhinosinusitis failing medical therapy 

(b) Headaches 

(c) Facial pain 

(d) Recurrent acute sinusitis 

(e) Obstructive nasal polyposis 

(f) Asthma exacerbations in patients with Samter’s 
triad 



Prior to any operative procedure, a valid and explicit 
informed consent discussion should occur [29], With¬ 
in this discussion, all risks of surgery should be clear 
and understood by the patient. 


Risks of surgery include [45]: 


Recurrent disease requiring repeat or revision 
surgery 

Entrance into the orbit resulting in blindness 
Double vision 

Violation of the skull base resulting in CSF 
leak 

Meningitis 
Brain damage 
Death 


An understanding that surgical resection of nasal 
polyps and maintenance of the sinonasal cavity will 
require continued postoperative medical therapy is 
also essential. 


Tips and Pearls 

Surgical goals: 

Define normal anatomy first 

Use maxillary antrostomy to establish the level 

of the sphenoid ostium and lamina papyracea 

■ Identify the level of the skull base posteriorly 
at the sphenoid and proceed from posterior, 
superior to anterior superior through the 
ethmoids 

Avoid disruption of the frontal recess if un¬ 
necessary 

■ Preserve normal mucosa 


After establishment of informed consent, and prior 
to preparation in the operating room, an intranasal 
vasoconstrictive agent such as oxymetazoline begins 
the operative preparation. The choice of anesthetic 
used is up to the surgeon and patient. While endo¬ 
scopic sinus surgery can be performed under local an¬ 
esthetic or with minimal sedation, general anesthe¬ 
sia is routinely used. General anesthesia is favorable 
for the comfort of the patient and provides a comfort¬ 
able teaching environment in educational institutions 
[ 10 ]. 

After induction of anesthesia, with the patient in 
a supine position the bed is placed in a slight reverse 
Trendelenburg position and the bed is rotated to the 
patient’s right. The patient’s head is also turned slight¬ 
ly to the right and is placed in a foam headrest to main¬ 
tain this position. This provides ideal positioning for 
the right-handed surgeon and helps avoid complica¬ 
tions while working in the left nasal cavity. 

Nasal preparation then continues with injection of 
1% lidocaine with 1:100,000 epinephrine into the na¬ 
sal cavity. Ideally the medial maxillary wall, anteri¬ 
or and superior to the uncinate process, can be inject¬ 
ed. Injections into the middle turbinate as well as any 
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visible polyps are also made. After injection of both 
nasal cavities, insertion of 4% cocaine pledgets pro¬ 
ceeds. Placing of a cocaine-soaked pledget lateral to 
the middle turbinate in the middle meatus aids in va¬ 
soconstriction of this area. This is not always possible 
depending on the extent of the nasal polyp disease. 
Several institutions employ pledgets soaked in topi¬ 
cal epinephrine at strengths varying from 1:1,000 to 
1:100,000 to further aid in hemostasis. 

After injection, a throat pack is placed intraoral- 
ly to dissuade ingestion of blood during the surgery. 
While the surgeon proceeds to scrub, the patient is 
prepped and draped by the nursing staff. Care is tak¬ 
en to ensure that both eyes are clearly visible during 
the surgery. Taping of the lateral canthus will provide 
eye closure and protection from external abrasion, 
while providing the surgeon with the opportunity to 
see orbital transillumination intraoperatively. 

Once the surgical field has been established, the 0° 
endoscope is connected to the operative camera and 
monitor displays are positioned to the comfort of the 
surgeon. While monitors are not essential for endo¬ 
scopic sinus surgery, they allow the surgeon to oper¬ 
ate in the upright position and avoid undue strain on 
the back and neck. If computer-guided imagery is be¬ 
ing employed, registration of equipment should take 
place at this time. Foot pedals operating the microde- 
brider and endoscope sleeve washers should be posi¬ 
tioned appropriately. 

While either nasal cavity can be primarily dealt 
with, a septal deviation to one side may allow for easy 
access to the contralateral side. The key first step is 
establishment of the normal sinus anatomy. Specific 
structures to be identified are the nasal septum, in¬ 
ferior turbinate, middle turbinate, uncinate process, 
as well as the nasopharynx posterior, inferiorly. If na¬ 
sal polypoid disease is obstructing these structures, 


careful conservative dissection of the polypoid tissues 
will allow for visualization. 

If a concha bullosa is present, it may be contribut¬ 
ing to the obstruction of the natural os of the max¬ 
illary sinus and hinder surgical progress. The concha 
bullosa may be resected with every attempt made to 
maintain the integrity of the middle turbinate [5], In¬ 
jection of 1% lidocaine with epinephrine followed by 
anterior incision of the concha bullosa proceeds with a 
sickle blade. With an opening into the concha bullosa 
established, straight punch forceps can be used to re¬ 
move the lateral wall of the concha bullosa while pre¬ 
serving the mucosa of the lateral aspect of the medi¬ 
al wall of the middle turbinate (Fig. 10.4). Loose frag¬ 
ments of bone can be trimmed with punch forceps or 
carefully removed with grasping forceps. Care should 
be taken when using grasping forceps to avoid tearing 
or shearing of normal sinus mucosa. In general, poste¬ 
rior and inferior directed movements after grasping of 
bone fragments that may still have a mucosal attach¬ 
ment will help prevent tearing of the mucosa. 

Once the middle meatus is visible, attention can be 
turned to the uncinate process. Often secondary to 
polyposis, the uncinate process is displaced anteriorly 
and medially. Care should be taken to identify the un¬ 
cinate process and ensure that a space exists between 
the anterior lamina papyracea and the uncinate pro¬ 
cess. A Lusk probe can be used to palpate this area if 
necessary. The uncinate process is then cleaved in half 
with use of the microfranz backbiting forceps. This 
instrument should only be opened to an acute angle 
to prevent inadvertent trauma to the lamina papyra¬ 
cea and exposure of orbital contents (Fig. 10.5). The 
uncinate process should be resected to its anterior- 
most limit with avoidance of damage to the lacrimal 
sac. A Lusk probe can then be used to displace the su¬ 
perior and inferior uncinate remnants anteriorly for 



Fig. 10.4. Concha bullosa before resection (right) and after entrance (left) 
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Fig. 10.5. Backbiting forceps at an acute angle 


resection with the microdebrider. Care should be tak¬ 
en to avoid damage to the normal mucosa of the max¬ 
illary wall behind the uncinate process. 


Tips and Pearls 

Avoidance of complications: 

I Adequate visualization of normal structures 
Careful probing of the uncinate process and 
natural maxillary os 

Opening of the backbiting instrument at an 
acute angle 

■ Avoid the microdebriding window facing 
laterally 

Maintenance of the relationship of the orbit of 
the maxillary antrostomy and sphenoid os 
Awareness of the lateral lamella medially 
along the superior skull base 


A 30° telescope can then be used to identify the natural 
os of the maxillary sinus. Again this may be obstruct¬ 
ed by polyps, in which case visible polyps should be re¬ 
moved from the area. Positioning the microdebrider 
window at 90° from the lamina papyracea will avoid 
inadvertent damage to orbital fat and contents in situa¬ 
tions with either and iatrogenic or inherent dehiscence 
of the lamina [18]. With careful identification of the 
natural os of the maxillary sinus, a probe can be intro¬ 
duced and the os can be dilated posteriorly and interi¬ 
orly creating a wide maxillary antrostomy (Video 10.1). 
Remember that the superior limit of the antrostomy is 
the orbit. Any disease in and around the maxillary si¬ 
nus can then be removed with either a straight micro¬ 
debrider or a curved microdebrider (Fig. 10.6). Avoid¬ 
ance of circumferential trauma around the antrostomy 
will help avoid cicatricial scarring. 

A 0° endoscope can then be returned to the oper¬ 
ative field. Identification of the ethmoid bulla should 


then proceed. Entrance into the bulla with resection 
of bone and polypoid disease should proceed with 
preservation of the mucosa overlying the lamina pap¬ 
yracea laterally (Video 10.2). Identifying the horizon¬ 
tal basal lamella will help avoid damage to the sphe¬ 
nopalatine artery and maintain the structural integ¬ 
rity of the middle turbinate. 

To enter the posterior ethmoid, the inferior and 
medial aspect of the vertical basal lamella must be re¬ 
moved with the microdebrider. Preoperative identifi¬ 
cation on a CT scan of a posterior ethmoid cell later¬ 
al and superior to the sphenoid sinus (the Onodi cell) 
will ensure a complete ethmoidectomy. Once the in¬ 
ferior, posterior ethmoid cells have been adequately 
removed, the natural os of the sphenoid sinus must 
be identified. Using a calibrated probe, one can iden¬ 
tify the anterior wall of the sphenoid at approximate¬ 
ly 7 cm from the nasal sill at a 30° angle. Visualization 
of the sphenoid os can also be accomplished with re¬ 
section of the lower third of the superior turbinate. In 
most cases, the natural os of the sphenoid lies just me¬ 
dial to or directly posterior to the lower third of the 
superior turbinate [21] (Fig. 10.7). 

Again, the calibrate probe can be used and the pos¬ 
terior wall of the sphenoid sinus can be carefully pal¬ 
pated. In an adult the posterior wall of the sphenoid 
sinus lies 9 cm from the nasal sill at a 30° angle. If 
available, computer guidance can be used for localiza¬ 
tion [7]. The natural sphenoid os can be initially wid¬ 
ened interiorly and medially with strict avoidance of 
disruption of the normal mucosa of the sphenoid si¬ 
nus (Video 10.3). This initial widening can be accom¬ 
plished with various punch forceps. Further widen¬ 
ing can be accomplished with a microdebrider. Again 
a wide sphenoidotomy can be created, but avoidance 
of circumferential damage will prevent postoperative 
closure secondary to cicatricial scarring. 

With the accomplishment of a sphenoidotomy, 
the posterior aspect of the skull base can be identi¬ 
fied (Fig. 10.8). Now with the lamina papyracea and 
skull base defined, total ethmoidectomy and disease 
removal can proceed in a posterior to anterior di¬ 
rection. With use of either a curved suction device 
or other blunt curved instrumentation, the ethmoid 
cell septations are fractured anteriorly, working tan¬ 
gentially along the skull base. Avoid upward move¬ 
ments of the instrumentation to prevent inadvertent 
entrance into the skull base and angle the blunt in¬ 
strument slightly laterally to avoid damage to the lat¬ 
eral lamella of the ethmoid bone. Again, if available, 
computer localization can be used. 

The ethmoidectomy is continued anteriorly and 
superiorly through the most anterior cells, or supra- 
bullar cells (Video 10.4). 

The frontal recess and agger nasi cells are opened 
last to avoid bleeding from above that may interfere 
with visualization with the endoscope. To open an 
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Fig. 10.6. Wide maxillary antrostomy. Note its teardrop shape 
and the lamina papyracea as the superior limit (arrow) 



Fig. 10.7. Identification of the sphenoid. The black arrow is 
pointing to the maxillary antrostomy and the white arrow is 
pointing to beaded probe in the sphenoid sinus. The black line 
demonstrates the common level of the maxillary antrostomy 
and sphenoid os 


agger nasi cell which may be contiguous with the lac¬ 
rimal sac, entrance into the cell in its most inferior 
medial extent or from a posterior to anterior direc¬ 
tion will prevent iatrogenic damage. If the frontal re¬ 
cess does not require manipulation, avoid disruption 
of this mucosa at all costs. The frontal recess is prone 
to scarring secondary to the attachment of the mid¬ 
dle turbinate [51]. A curved probe or curette can be 
used to identify the frontal recess. A 30° or 45° en¬ 
doscope can also be used to aid in its visualization 
(Video 10.5). Polyps can be removed with up-biting 
forceps or a curved microdebrider. Simple removal of 
the back wall of the agger nasi cell will usually suf¬ 
fice. It is important to remember the first place polyps 
recur is in the frontal recess; however, most patients 
with nasal polyps are not bothered by their frontal si¬ 
nus disease. Indications for frontal osteoplastic sur- 
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gery in patients with polypoid disease are based upon 
persistent bacterial or fungal disease, complicated 
chronic sinusitis, and frontal sinus pain refractory to 
medical therapy. Again, careful avoidance of disrup¬ 
tion of normal sinus mucosa will prevent inadvertent 
scarring. 

With all the sinuses open and identified, the mi¬ 
crodebrider can be used to remove any residual dis¬ 
ease. On occasion, disease may actually be located 
along the medial aspect of the middle turbinate. This 
disease should be removed with caution since it is this 
disease removal which can lead to a CSF leak from 
the lateral lamella. Careful removal of loose bony 
fragments will prevent postoperative crusting and 
bleeding. Conservative use of a suction electrocau¬ 
tery device can minimize postoperative bleeding. If 
the middle turbinate integrity has been disrupted and 
concern exists regarding potential for lateralization, a 
medialization procedure can be performed. With use 
of a sickle-bladed knife the mucosa of the medial wall 
of the middle turbinate is damaged. A correspond¬ 
ing mucosal violation occurs along the nasal septum 
(Video 10.6). The middle turbinate is then held in po¬ 
sition with a small pack placed between the anterior 
aspect of the middle turbinate and the medial wall of 
the maxillary sinus [15]. 

In general, extensive packing is not required [34]. 
Light packing placed in the middle meatus can pro¬ 
vide adequate hemostasis for a patient with persistent 
ooze [30], Anticoagulant gels are rarely necessary but 
may be helpful [3, 6]. Lower packs along the floor of 
the nasal cavity may be temporarily placed if a septo¬ 
plasty is performed and removed prior to the patient 
being discharged from the recovery room [49], The 
throat pack should then be removed and the stomach 
suctioned prior to cessation of anesthesia. Once the 
patient is awake, careful assessment of mental status 
and vision should occur and be documented appro¬ 
priately. 


Postoperative Care 


For patients with extensive hyperplastic rhinosinus¬ 
itis with nasal polyposis, oral steroids are provided in 
the immediate postoperative period with a gradual 
taper over a 1-week period. Patients with obvious fun¬ 
gal disease should be considered for long-term steroid 
tapers over a 3-4-week period. Postoperative pain 
medication is provided as well as antibiotic coverage 
for those patients with nasal packing or for those with 
evidence of acute infection at the time of surgery. Na¬ 
sal packing is removed 3-5 days postoperatively with 
gentle suctioning at the time of packing removal. Na¬ 
sal saline irrigations can be used to maintain a clear 
and clean nasal cavity. 
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Fig. 10.8. Computer-guided three-dimensional localization of the skull base (arrow) 


Careful and close follow-up in the postoperative 
period will help ensure surgical success. Packing may 
be replaced to help avoid middle turbinate lateraliza¬ 
tion. Repeat courses of either an oral steroid or anti¬ 
biotics can be key adjuncts to maintenance of a pat¬ 
ent and a healthy nasal cavity. Attenuation of aller¬ 
gic responses with oral or inhaled allergy medication 
can also prevent recurrence of the hyperplastic re¬ 
sponse. In most patients with hyperplastic rhinosi- 
nusitis with nasal polyps, continued use of a nasal 
inhaled steroid is required for prevention of recur¬ 
rent disease [31]. 


Complications of Surgery 


Minor complications are: 


Minor epistaxis 
Hyposmia 


Adhesions 

Headache 

Periorbital ecchymosis 
Periorbital emphysema 
Dental/facial pain 


Major complications are: 


Severe epistaxis 
Orbital hematoma 
Diplopia 
Blindness 

Decreased visual acuity 
Intracranial hemorrhage 
Anosmia 

Nasolacrimal duct trauma 

Meningitis 

Pneumocephalus 

Carotid injury 

Death 
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Surgery for Hyperplastic Rhinosinusitis 

The list of complications from endoscopic sinus sur¬ 
gery is long and extensive [41]; however, careful un¬ 
derstanding of the anatomy and constant visualiza¬ 
tion will help prevent the majority of these compli¬ 
cations [26]. Most minor complications can be dealt 
with by careful attention during the postoperative pe¬ 
riod. Understanding that nasal polypoid disease can 
distort anatomy and obscure anatomy will provide 
the first step to avoidance of major complications. 
Constant visualization of instrumentation through¬ 
out the surgery will aid in prevention of inadvertent 
injury to the lamina papyracea or skull base. Careful 
dissection of mucosa and boney structures will help 
prevent iatrogenic injury to the normal sinus muco¬ 
sa and thus prevent unpredictable scarring and surgi¬ 
cal failure. Immediate identification of intraoperative 
trauma to the skull base or lamina papyracea at the 
time of occurrence will help prevent further damage 
to vital structures such as the orbital contents or dura. 
Once an intraoperative complication has been identi¬ 
fied, careful planning of intraoperative management 
as well as postoperative management should proceed. 
Discussions with anesthesia and nursing staff should 
occur, and intraoperative or postoperative consulta¬ 
tions with associated departments should be arranged 
(i.e., neurosurgical consultation or ophthalmolog¬ 
ic consultation). Frank discussions of necessary ad¬ 
junctive treatments, procedures, and hospitalizations 
should occur. In general, however, with careful atten¬ 
tion to detail, proper training and visualization, ma¬ 
jor complications are a rare occurrence. 


Summary 


Hyperplastic rhinosinusitis with nasal polyps rep¬ 
resents a reactive, inflammatory disease that results 
in nasal obstruction, hyposmia, recurrent sinus in¬ 
fection, recalcitrant sinus infections, headache, and 
asthma exacerbations. Allergies as well as conditions 
like cystic fibrosis and Samter’s triad can all play a 
role in the hyperreactive disorder. Medical therapy 
can provide relief in some patients, but a considerable 
number of patients require surgical intervention to 
establish a patent sinonasal cavity. Surgical interven¬ 
tion requires careful planning and attentive surgical 
technique. Preservation and identification of normal 
anatomic structures is essential. Success rates with a 
single surgery and adequate postoperative medical 
therapy can approach between 85 and 90%. 
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Allergic Fungal Rhinosinusitis - 
Surgical Management 

Raghu S. Athre, Bradley F. Marple 


Core Messages 


■ Allergic fungal rhinosinusitis (AFRS) de¬ 
scribes a clinicopathological entity charac¬ 
terized by nasal polyposis, crust formation, 
atopy, fungal sinus cultures, and lack of tis¬ 
sue invasion on pathological analysis. 

■ The pathophysiology of AFRS involves the 
atopic host being exposed to fungal elements, 
which set up a cascade of inflammation, pro¬ 
duction of allergic mucin, and self-perpetu¬ 
ation. 

■ Addressing AFRS involves combining the 
surgical therapy with an ongoing medical 
management plan that addresses the under¬ 
lying inflammatory nature of AFRS. 

■ Despite aggressive surgical and medical 
management, recidivism rate of AFRS re¬ 
mains high. 
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Introduction 


The term allergic fungal rhinosinusitis (AFRS) has 
been used to describe a clinicopathological entity 
characterized by: 


Nasal polyposis 
Crust formation 
Atopy 

Sinus cultures with fungus present 

Lack of tissue invasion on pathological analysis [25] 


Safirstein [33] first recognized the similarity between 
this entity and allergic bronchopulmonary aspergillo¬ 
sis in 1976. Since that time, a great deal of research has 
been devoted to the understanding, pathophysiology, 
and treatment of this disease. Despite these efforts, a 
large number of questions still remain unanswered 
and serve as the nidus for future clinical research. 

The presence of fungus within the paranasal sinus¬ 
es has a broad range of ramifications, ranging from 
the benign presence of saprophytic fungal growth to 
invasive fungal rhinosinusitis. The presence of fun¬ 
gus on cultures, the AFRS hallmarks of bony expan¬ 
sion, and radiological evidence of invasion led many 
clinicians to believe that AFRS was an early stage on 
the spectrum of invasive fungal rhinosinusitis [12, 
25]; hence, an aggressive surgical stance was adopted 
as the primary mode of management of AFRS. Mc- 
Guirt and Harrill [30] stated in 1979, “Without ques¬ 
tion, the treatment of paranasal sinus aspergillosis 
is surgical - the key to successful surgical treatment 
is the removal of diseased mucosa and aeration and 
drainage of the involved sinus.” Such evidence urged 
surgeons to perform radical surgeries such as later¬ 
al rhinotomies, craniofacial resections, and facial de- 
gloving procedures to extirpate the diseased muco¬ 
sa [26], In 1988, Sarti et al. [34] reported a case of pa- 
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ranasal sinus aspergillosis that exhibited expansion 
into the anterior cranial fossa and sella turcica. The 
patient was treated with a craniofacial resection, and 
unfortunately died secondary to a pulmonary em¬ 
bolus in the postoperative period. However, on final 
pathological examination, no evidence of tissue inva¬ 
sion was noted. 

Numerous studies have subsequently shown AFRS 
to be a separate clinical entity from invasive fungal 
rhinosinusitis and have implicated atopy as one of the 
causative factors. Manning and Holman [23] showed 
that in vitro and in vivo allergy to fungal antigens 
were important to the pathophysiology of AFRS and 
that the predominance of eosinophil-derived inflam¬ 
matory mediators in in vivo tissue specimens differ¬ 
entiated AFRS from other forms of chronic rhinosi¬ 
nusitis. These studies gave further credence to the fact 
that AFRS is an immunological disease rather than 
an entity on the spectrum of infectious/invasive fun¬ 
gal disease. The change in mindset from invasive dis¬ 
ease to immunologically based disease has altered the 
treatment algorithms for AFRS from that of extensive 
surgery and antifungal therapy to mucosa-sparing 
surgery with adjunctive corticosteroids [25]. 


Pathophysiology 


The exact pathophysiology of AFRS has still yet to 
be determined. One of the more popular theories 
has been proposed by Manning et al. [22] and likens 
AFRS to allergic bronchopulmonary aspergillosis. In 
this model, the atopic host is first exposed to respira¬ 
tory fungus. Respiratory fungus settles on the nasal 
mucosa and elicits an allergic response involving eo¬ 
sinophilic mediators, type 1 mediated reactions, and 
type 3 mediated reactions, which all result in nasal 
mucosal edema. The inflammation and edema results 
in obstruction of the sinus ostial complex. Sinus out¬ 
flow obstruction may be exacerbated by concomitant 
anatomic factors such as septal deviation and turbi¬ 
nate hypertrophy. Sinus stasis provides an ideal en¬ 
vironment for fungi to proliferate and contributes to 
continued antigenic exposure. This cycle self-perpet- 
uates, leading to the production of allergic mucin, 
which in itself blocks sinus outflow and contributes to 
the cycle of propagation and inflammation. Folker et. 
al. [11] showed that immunotherapy was effective in 
control and prevention of recidivism of AFRS, there¬ 
by providing some support for the aforementioned 
theory. Ponikau et al. [32] offered another theory for 
the pathophysiology of AFRS and asserted that in¬ 
flammation is triggered by T-cell-mediated hypersen¬ 
sitivity, which subsequently triggers eosinophil che- 
motaxis. 


Tips and Pearls 

Despite the various theories, the role of inflam¬ 
mation rather than infection as the basis for 
AFRS has become the tenet. 


The difficulties associated with accurately culturing 
fungal specimens and the reported similarities be¬ 
tween AFRS and allergic bronchopulmonary asper¬ 
gillosis initially indicted Aspergillus as the causative 
organism in AFRS [25], With the advent of newer cul¬ 
ture techniques, it was found that multiple species of 
fungi could cause AFRS and that Aspergillus was not 
the majority causative agent [5]. 

A 1996 review by Manning and Holman [23] re¬ 
vealed that the majority of AFRS cases were caused 
by members of the dematiaceous family of fungi, in¬ 
cluding Bipolaris, Curvularia, Exserohilum, Alternar- 
ia, Drechslera, Helminthosporium, and Fusorium. 


Clinical Presentation 

AFRS is characteristically associated with nasal pol¬ 
yposis and allergic mucin [25] (Fig. 11.1). AFRS typi¬ 
cally affects young adults (mean age 21.9) [23], and at¬ 
opy and asthma are frequent comorbid findings [1, 6, 
8, 23], The incidence of AFRS varies geographically, 
with the majority of cases centered in temperate re¬ 
gions of the world with high humidity [8, 12], In the 
USA, the majority of cases are found in the southern 
states [25], 

The majority of patients with AFRS present with 
gradual progressive nasal airway obstruction, semi¬ 
solid nasal crusts, and a history of chronic allergic 
rhinitis [25], Occasionally, the initial symptom pa¬ 
tients present to the physician with is gross facial dys- 
morphia [21, 22] or acute vision loss [27], The facial 
dysmorphic features can include proptosis [4] and 
telecanthus [27], where orbital involvement can lead 
to diplopia, visual field cuts, and acute vision loss (Fig. 
11.2). These features are all caused by the expansile 
nature of AFRS. As the sequestered allergic mucin ac¬ 
cumulates, it exerts an outward pressure on the sur¬ 
rounding structures. Bony remodeling and decalcifi¬ 
cation, similar to a mucocele, may occur [14, 16, 34], 
This can result in a clinical picture that mimics inva¬ 
sion, much like a malignant process. 

Immunological testing can also be a useful diag¬ 
nostic tool in the diagnosis of AFRS. Patients with 
AFRS can have elevated levels of immunoglobulin E 
[9, 17, 35], display positive radioallergosorbent test 
(RAST) responses to fungal and nonfungal [17, 20] 
antigens, and exhibit positive skin tests to fungal an¬ 
tigens. 
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Fig. 11.2. Orbital proptosis in a patient with allergic fungal 
rhinosinusitis 


Treatment 


On the basis of the proposed pathophysiology schema 
presented above, treatment of AFRS is based on ad¬ 
dressing each of the etiological entities. 


Tips and Peals 

The mainstay of treatment of AFRS is surgical 
management. 


The primary goal of surgical management is re¬ 
moval of the allergenic stimulus, namely, the 
fungal mucin [25], 


Despite aggressive and complete surgical manage¬ 
ment, the rate of recurrence is high [15, 38], The rate 
of recurrence is reduced by concomitant management 
of the allergic portion of the AFRS cycle using immu- 
nomodulation (immunotherapy) [18-20] and/or cor¬ 
ticosteroids [2, 35], 


Preoperative Workup 


Computed tomography (CT) of the sinus is an imper¬ 
ative part of the preoperative process. CT imaging of 
AFRS reveals several well-recognized findings, though 
these findings are not specific for AFRS (Fig. 11.3). 

A recent study of CT scans of patients with AFRS re¬ 
vealed the following observations [31]: 


AFRS was bilateral in 51% of cases. 
Asymmetric involvement of the paranasal 
sinuses was noted in 78% of cases. 

Bone erosion with extension of disease into 
adjacent area was noted in 20% of cases. 
Thinning and remodeling of hone was com¬ 
mon in advanced, bilateral disease. 

Areas of heterogeneous attenuation were seen 
in sinuses involved with AFRS. 


Magnetic resonance imaging (MRI) can be a useful 
adjunctive study in the diagnosis of AFRS. The key 
useful characteristic of MRI is the preoperative iden¬ 
tification of fungal mucin [25], The high protein con¬ 
tent and low water content of fungal mucin is easi¬ 
ly identified against the backdrop of edematous na¬ 
sal mucosa characterized by high water content [37], 
The characteristic findings of AFRS on MRI are high¬ 
ly specific for AFRS in contrast to others forms of fun¬ 
gal rhinosinusitis as demonstrated by Manning et al. 
[24] These findings include hypointense central T1 
signal, a central T2 signal void, and peripheral T1/T2 
enhancement. 

CT and MRI studies are useful tools to diagnose 
AFRS, but are also extremely important in preopera¬ 
tive surgical planning. As mentioned earlier, allergic 
mucin has a tendency to slowly invade into adjacent 
structures and intracranial/intraorbital extension is 
not rare. Therefore, preoperative knowledge regard¬ 
ing intracranial extension, erosion of the anterior 
cranial fossa, etc. on radiological studies can prevent 
costly surgical misadventures and minimize the risk 
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Fig. 11.3. Sinus computed tomography image of a patient with 
allergic fungal rhinosinusitis showing heterogeneous attenua¬ 
tion and orbital erosion 


of complications. Another useful entity is the com¬ 
puterized image guidance system. The image guid¬ 
ance system is a valuable tool in complicated and re¬ 
vision cases; however, the image guidance system is 
not a substitute for preoperative CT planning and de¬ 
tailed knowledge of paranasal sinus anatomy owing 
to the fact that the image guidance system does not 
display real-time information, which can lull the in¬ 
experienced surgeon into a false state of security [26]. 

The senior author of this chapter advocates the use 
of preoperative systemic steroids to decrease intrana¬ 
sal inflammation. 


Tips and Pearls 

Patients with AFRS are given prednisone for 
7 days at a dosage of 0.5-1.0 mg/kg/day. 


It is thought that the preoperative steroids decrease 
overall nasal inflammation and nasal polyp vol¬ 
ume, thereby increasing visualization and minimiz¬ 
ing hemorrhage. Furthermore, preoperative antibiot¬ 
ics are also utilized because of the high incidence of 
postobstructive bacterial rhinosinusitis [26]. 


Surgery 


Goals of surgery include: 


Complete extirpation of all fungal mucin 
Provision of a permanent drainage pathway 
for all involved sinuses 
Allowing postoperative endoscopic surveil¬ 
lance of involved sinuses in the postoperative 
setting 


Lack of complete extirpation of fungal mucin leads 
to a high rate of recidivism. Despite radiological ev¬ 
idence of tissue invasion, no such pathological ev¬ 
idence is seen; hence, radical surgeries are not nec¬ 
essary, and endoscopic, mucosa-sparing surgery can 
safely be performed. 

Indications for surgery primarily include: 


High index of suspicion for AFRS being present 
on the basis of history 
Physical examination findings 
History of atopy 

Characteristic radiological findings 
Possible fungal cultures in the immunocom¬ 
petent host 


Absolute indications for immediate surgical treat¬ 
ment include: 


Vision changes 
Diplopia 

Mental status changes 
A preoperative CT scan is necessary 


Contraindications for AFRS surgery include the pos¬ 
sibility of invasive fungal sinusitis in an immuno¬ 
compromised host and possible sinonasal malignan¬ 
cy, which may both require more extensive surgery. 

The surgical treatment of AFRS does not differ 
from other standard endoscopic techniques; hence, 
the following section will be dedicated to specif¬ 
ic goals and surgical treatment algorithms unique to 
AFRS, rather than an in-depth discussion of endo¬ 
scopic techniques. 

The treatment of AFRS can be subdivided into sur¬ 
gical and medical therapies. Surgery has always been 
an integral part of the therapy plan for AFRS; how¬ 
ever, initial hypotheses regarding the invasive nature 
of AFRS prompted invasive, morbid surgical proce¬ 
dures. Since then, surgical management for AFRS has 
evolved. The tenet of surgical management is to re¬ 
move the allergy-/inflammation-inducing fungal mu¬ 
cin. Medical regimens for AFRS target the underly¬ 
ing inflammatory cascade. This multifaceted thera¬ 
py protocol minimizes the incidence of recurrence of 
disease. 

In the operating theater, three goals should be 
achieved in every AFRS case. First, complete extirpa¬ 
tion of all allergic mucin and fungal debris is necessary 
to remove the inciting etiological agent in the atopical- 
ly prone individual. This can be challenging, especial¬ 
ly if fungal disease involves the frontal sinus or pneu¬ 
matized portions of the pterygoid plates [25, 26]. 

The second goal of surgery is to provide permanent 
drainage of all involved sinuses without disturbing 
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Fig. 11.4. Endoscopic picture of the right ethmoid and maxil¬ 
lary sinuses in a patient with a history of allergic fungal rhino- 
sinusitis 2 years after complete surgical extirpation of fungal 
debris. The patient is receiving medical management for his 
disease 

the sinonasal mucosa. Careful dissection with preser¬ 
vation of the mucosa ensures that underlying dura or 
orbital contents are not inadvertently injured. Large 
polyps can hamper vision; however, careful use of 
powered microdissection with identification of perti¬ 
nent anatomic landmarks allow the surgeon to access 
fungal-involved sinuses [25, 26], 

The final goal of surgery is to provide for easy post- 
surgical visualization of marsupialized sinuses in the 
office setting (Fig. 11.4). Despite maximum therapy, 
the rate of recidivism is high and identification of re¬ 
currence is important. Planning for postoperative 
care is important and starts intraoperatively [25, 26]. 


Complicating and Simplifying Factors 

The progression of AFRS creates predictable clinical 
findings. The inflammation surrounding the sinus os¬ 
tium leads to polyp formation surrounding the sinus 
ostium [36], The resultant sinus outflow obstruction 
allows for slow accumulation of fungal mucin [25], As 
the “fungal mucocele” grows and expands, it causes 
a pressure effect and exposes the surrounding walls 
of the sinus to inflammatory mediators, which sub¬ 
sequently cause bony remodeling and decalcification 
[25,26], This pathway is responsible for giving the ap¬ 
pearance of invasion. The polyps that form in AFRS 
can traverse the spectrum of mild to severe, obscur¬ 
ing anatomic landmarks. The bony remodeling and 
presence of large polyps increase the risk of iatrogen¬ 
ic surgery. 

However, the polyps also serve another important 
purpose. As described above, affected sinuses serve as 


the central focus of disease, as increased inflamma¬ 
tion surrounding the sinus ostium leads to polyp for¬ 
mation. This allows the operating surgeon to “follow 
the polyps to the disease” [26]; therefore, slow careful 
removal of the polyps will lead to the sinus ostium, 
and subsequently to the affected sinus. Furthermore, 
the slow expansile nature of AFRS can enlarge natu¬ 
ral sinus openings; therefore, even if fungal mucin re¬ 
sides in areas that are typically difficult to approach, 
such as the frontal sinus, the expansile tendency en¬ 
larges the natural outflow tracts, enabling greater ac¬ 
cess to the sinus [25, 29]. 

Once the sinus is encountered, thick tenacious fun¬ 
gal mucin is encountered [6, 25, 29]. This can be diffi¬ 
cult to remove; however, patience, suction, blunt cu¬ 
retting instruments, and the use of forced irrigation 
through a 60-ml syringe attached to a curved ball- 
tip suction tip will aid in removal of the fungal mu¬ 
cin [26], The powered microdebrider is a useful, effec¬ 
tive tool in the removal of polyps, soft tissue, and thin 
bone, while simultaneous suction provides excellent 
visibility [25], 


Complications of Surgery 


The pathological features of AFRS, namely, polyps, in¬ 
flammatory mucosa prone to hemorrhage, large fun¬ 
gal mucin accumulations, and bony remodeling, pre¬ 
dispose the patients to increased surgical risk. These 
factors can all cause spatial disorientation and jeop¬ 
ardize security to intracranial and intraorbital com¬ 
partments [25]. Therefore, the goal of complete extir¬ 
pation is juxtaposed against the increased risk of iat¬ 
rogenic injury. 


Tips and Pearls 

Protection of the mucosa is paramount in pro¬ 
tecting underlying structures and preventing 
surgical transgressions [25], 


Iatrogenic injuries can result in serious complica¬ 
tions. Intracranial injuries can result in stroke, CSF 
leaks, meningitis, and possible encephalocele for¬ 
mation. Erosion of the skull base by the expans¬ 
ile nature of AFRS may also theoretically cause en¬ 
cephalocele formation. This theory is based on the 
observation that dural exposure along the tegmen 
mastoideum secondary to otological surgery can 
lead to encephalocele formation in rare cases [13]. 
This exact correlate has not been shown in the rhi- 
nology literature, but it is a logical extension of the 
otological experiences. Iatrogenic penetration into 
the orbit can result in diplopia, blindness, and in¬ 
traorbital hematomas [25]. 
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As described in the “Pathophysiology” section, 
AFRS is a disease propagated by atopy in the immu¬ 
nocompetent patient. On the basis of available data, 
there is little to no evidence supporting pathological 
tissue invasion in AFRS patients. One case report by 
Tsimakas et al. [38] describes a frontal lobe Aspergil¬ 
lus abscess following treatment of AFRS that “invad¬ 
ed” the anterior cranial fossa. This, however, may rep¬ 
resent fungal seeding of an inadvertent intracranial 
penetration during endoscopic surgery for AFRS. 


Postoperative Care 


Postoperative care for AFRS patients begins immedi¬ 
ately following the operation. Patients are sent home 
with aggressive regimens of nasal saline irrigation 
and are followed up weekly for endoscopic debride¬ 
ment of crusts in the office setting [25]. Systemic cor¬ 
ticosteroids are continued and tapered in the postop¬ 
erative period [10]. The length of time over which the 
steroids are tapered is at the discretion of the treat¬ 
ing clinician. 


Recidivism 


Despite complete surgical management, rates of re¬ 
cidivism are high and range from 10 to 100%. [28] 
Owing to the pathophysiology of AFRS and experi¬ 
ence with allergic bronchopulmonary aspergillosis, 
a treatment protocol including systemic steroids and 
immunomodulation has been advocated to address 
the etiological and perpetuating factors of chronic in¬ 
flammation [25]. A recent study by Marple and Mabry 
[28] showed that the two major factors in patients un¬ 
dergoing a complete therapy for AFRS including sur¬ 
gery, steroids, and immunotherapy that were associ¬ 
ated with disease recurrence were noncompliance on 
the part of the patient with immunotherapy and in¬ 
adequate initial surgical extirpation of disease. This 
study further supports the importance of complete 
initial surgical extirpation of disease (Fig. 11.4). 

Recurrence rates of AFRS are influenced by long¬ 
term postoperative management protocols. The effect 
of corticosteroids in the postoperative management 
of AFRS patients was studied by Schubert and Goetz 
[35], who subsequently found that use of corticoste¬ 
roids significantly increased the time to revision sinus 
surgery. Several studies have also shown the efficacy 
of immunotherapy in postoperative management of 
AFRS patients [11,18-20], Some data also exist for the 
postoperative usage of antifungals [3, 7, 23] and topi¬ 
cal corticosteroids [25]. 


Conclusions 


- V 

AFRS is a relatively new clinicopathological enti¬ 
ty. Many studies have been performed to better 
characterize the disease and determine appropri¬ 
ate treatment strategies. AFRS is a subset of chron¬ 
ic rhinosinusitis potentiated by atopy to fungal 
antigens. The subsequent inflammatory cascade 
produces allergic fungal mucin that resides in af¬ 
fected sinuses and can cause bony remodeling 
and erosion of surrounding sinus walls. 

Surgical therapy is an important arm in the com¬ 
bined treatment approach to AFRS. The goals of 
surgery include extirpation of disease, providing 
permanent drainage of involved sinuses, and cre¬ 
ating easy access to sinuses such that they can be 
monitored easily in the postoperative period. 
Concomitant therapies in the postoperative pe¬ 
riod include systemic corticosteroids and immu¬ 
nomodulation. Despite aggressive therapy reg¬ 
imens, the rates of recidivism are high and are 
affected primarily by noncompliance to immu¬ 
notherapy and inadequate initial surgical extir¬ 
pation. 
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Core Messages 


■ Endoscopic surgery avoids an external scar 
and allows better assessment of the tumor 
bed with the potential of sparing uninvolved 
mucosa. 

■ Precise determination of the sites of tumor 
origin and attachment and the extent of the 
tumor during the operation is the key to suc¬ 
cessful treatment. 

■ Tumor debulking with a powered microde- 
brider may be required to determine tumor 
origin. 

■ Intraoperative endoscopy is key to determin¬ 
ing the precise location of tumor origin and 
extent and may allow for mucosal sparing. 

■ Long-term follow-up is required to monitor 
for recurrences, with biopsy of suspicious le¬ 
sions as necessary. 
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Introduction 


The surgical treatment of sinonasal tumors is con¬ 
stantly evolving. Lesions of the medial maxillary wall 
were traditionally approached through an external 
approach, usually a lateral rhinotomy incision. With 
direct visualization, en bloc resection was achieved; 
however, patients were left with an external scar and 
prolonged healing times were common. With the ad¬ 
vent of endoscopic instrumentation in the 1980s, en¬ 
donasal tumor surgery that respected oncologically 
correct resection was possible. The advantages of en¬ 
doscopic resection included better visualization of the 
tumor, improved cosmesis, and faster healing times. 

Inverted papilloma is a benign intranasal tumor 
that commonly occurs on the lateral nasal wall and 
middle meatus. This tumor is composed of endo¬ 
phytic or inverted epithelial nests within an underly¬ 
ing stroma [14]. It can invade surrounding structures, 
have a tendency to recur, and may become malignant 
in 10-15% of cases [16]. Surgical resection is the treat¬ 
ment of choice and these tumors were traditionally 
treated with medial maxillectomy via a transfacial or 
sublabial degloving approach [6]. With the improved 
visualization of endoscopic techniques and outcomes 
comparable to those of the external approach, endo¬ 
scopic transnasal resection of these tumors is quickly 
becoming the standard of care. Lor inverted papillo¬ 
ma involving the lateral nasal wall, endoscopic medi¬ 
al maxillectomy is the procedure of choice. 

The indications are: 

1. Benign tumors such as inverted papilloma with in¬ 
volvement of: 

(a) Lateral nasal wall 

(b) Ostiomeatal complex 

(c) Ethmoid sinuses 

(d) Medial maxillary wall 

(e) Limited sphenoid sinus 

2. Recurrent inverted papilloma 

3. Malignancy confined to the medial wall of the 

maxillary sinus 

4. Provide access to benign tumors involving: 

(a) Lateral or posterior maxillary sinus wall 

(b) Infratemporal fossa 
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The contraindications are: 

1. Inverted papilloma with extensive involvement of: 

(a) Orbit 

(b) Intracranial invasion 

(c) Frontal sinus (endoscopic medial maxillec- 
tomy may be used in conjunction with a pro¬ 
cedure that addresses the frontal sinus, e.g.. 
modified Lothrop procedure) 

2. Malignant tumors with invasion to: 

(a) Bone of the posterior wall of the maxillary si¬ 
nus, subcutaneous tissues, skin of cheek, floor 
or medial wall of orbit, infratemporal fossa, 
pterygoid plates 

(b) Orbital contents beyond the floor or medial 
wall, including any of the following: orbital 
apex, cribriform plate, base of skull, nasophar¬ 
ynx, sphenoid, frontal sinuses 

3. Lack of experience by the surgeon 

4. Lack of proper instrumentation 

5. Presence of abundant scar tissue from previous 
surgery 

The advantages are: 

1. May provide exposure of maxillary sinus and eth¬ 
moid sinuses without the removal of the lamina 
papyracea, medial floor of the orbit, anterior max¬ 
illary wall and frontal process of the maxilla 

2. Provides improved visualization of difficult-to- 
view areas such as lateral recesses of frontal, sphe¬ 
noid and maxillary sinuses 

3. No external scar 

4. No loss of bony nasal or anterior maxillary sup¬ 
port 

5. Lower risk of infraorbital nerve paraesthesia 

6. Reduced morbidity and shorter hospitalization 


Preoperative Workup 


The feasibility of the endoscopic medial maxillectomy 
is dependent upon three important factors. These are 
the determination of the extent of the tumor, the lo¬ 
cation and origin of tumor attachment, and the pres¬ 
ence of malignancy [5]. In terms of location, involve¬ 
ment of ethmoid and maxillary sinuses occurs in the 
majority of cases [16], 

Preoperative nasal endoscopy is important in de¬ 
termining the location and origin of tumor attach¬ 
ment as well as the extent of tumor involvement. With 
larger tumors, this information may be difficult to ac¬ 
quire by endoscopy alone and therefore imaging stud¬ 
ies are an essential adjunct. 

CT imaging of the sinuses is required in both the 
coronal and the axial planes as it allows the assess¬ 
ment of disease extent and can demonstrate the pres¬ 
ence of bone erosion or invasion into adjacent struc¬ 
tures such as the base of the skull or orbit. MRI further 
determines tumor extent by differentiating between 
trapped inspissated secretions from the tumor, which 
would otherwise appear homogeneously hyperdense 
on CT scans. In addition, T2-weighted images and 
contrast-enhanced Tl-weighted images may be able 
to differentiate tumor from adjacent acute inflam¬ 
matory changes [10]. The limitations of these studies 
include a reduced accuracy in distinguishing tumor 
from postoperative scar and/or chronic inflammato¬ 
ry tissue in cases of recurrent tumor. 

Despite the objective information from preopera¬ 
tive nasal endoscopy and radiographic studies, delin¬ 
eation of areas of tumor origin and attachment may 
still be limited. This occurs especially with more ex¬ 
tensive lesions, in which case the true extent of in¬ 
volvement may not be completely known until a more 
thorough intraoperative examination is performed. 

Pathological diagnosis is essential as the presence 
of malignancy might preclude the endoscopic ap- 


Table 12.1. Staging system for inverted papilloma [5] 


Stage Description 


T1 Tumor totally confined to nasal cavity, without extension into the sinuses. The tumor can be localized to one 

wall or region of the nasal cavity, or can be bulky and extensive within the nasal cavity, hut must not extend into 
the sinuses or into any extranasal compartment. There must be no concurrent malignancy 

T2 Tumor involving the ostiomeatal complex and ethmoid sinuses, and/or the medial portion of the maxillary 

sinus, with or without involvement of the nasal cavity There must be no concurrent malignancy 

T3 Tumor involving the lateral, inferior, superior, anterior, or posterior walls of the maxillary sinus, the sphenoid 

sinus, and/or the frontal sinus, with or without involvement of the medial portion of the maxillary sinus, the 
ethmoid sinuses, or the nasal cavity There must be no concurrent malignancy 

T4 All tumor with any extranasal/extrasinus extension to involve adjacent, contiguous structures such as the orbit, 

the intracranial compartment, or the pterygomaxillary space. All tumors associated with malignancy 
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proach to tumor resection. This, however, is contro¬ 
versial as some authors have reported the curative 
effectiveness of endoscopic resection for select ma¬ 
lignant tumors [12]. Nonetheless, biopsy should be 
performed in all cases of unilateral nasal mass, after 
the intracranial source is excluded. 

Classification of inverted papilloma following pre¬ 
operative workup has been advocated in order to fa¬ 
cilitate standardization when reporting outcomes. A 
popular staging system has been proposed by Krouse 
[5] and is based on the degree of involvement of the 
paranasal sinuses (Table 12.1). Another classification 
system described by Han et al. [2] has been advocated 
to help guide surgical treatment. 


Surgical Technique 


Chapter 12 

trostomy is first performed removing the medial max¬ 
illary wall all the way up to the level of the floor of the 
orbit. The microdebrider or a Stammberger punch is 
then used to remove tissue inferiorly through the in¬ 
ferior middle turbinate until the nasal floor is reached 
(Fig. 12.2). Tumor is removed and is followed to its 
point of origin. The medial maxillary wall is resect¬ 
ed posteriorly as far as needed for tumor removal un¬ 
til the posterior maxillary wall is reached. Bleeding 
from a sphenopalatine branch is handled if it occurs 
or the sphenopalatine artery may need clipping. 

Next, backbiting forceps are used to make a cut 
along the floor of the orbit, and the cut is directed an¬ 
teriorly until the anterior maxillary wall is reached 
(Fig. 12.3). Similarly, a cut is made at the floor of the 
nose, under the inferior turbinate, in an anterior di¬ 
rection until the anterior maxillary wall is encoun- 


The patient is placed under general anesthesia. The 
nasal cavity is decongested with 2% oxymetazoline or 
cocaine-soaked neurosurgical pledgets. Infiltration of 
1 or 2% lidocaine in 1:100,000 epinephrine into the 
inferior turbinate, middle turbinate, and area of the 
sphenopalatine artery is performed. 

The key to the success of endoscopic surgery for 
the management of inverted papilloma is locating the 
specific site of tumor origin and its attachment, de¬ 
fining the extension of the tumor, and completely re¬ 
moving all affected tissue [7], Intraoperative endo¬ 
scopic evaluation is essential in delineating the origin 
of attachment and the extent of the tumor. It may be 
determined whether the tumor has invaded tissue, or 
has simply “dumbbelled” into the sinus with associat¬ 
ed retention of secretions [9]. Endoscopic evaluation 
is considerably better than a CT scan in its ability to 
differentiate between disease and normal membranes 
and therefore has a better specificity [13]. Normal-ap¬ 
pearing mucous membranes found on endoscopic ex¬ 
amination can be spared. 

While en bloc resection is usually possible with 
smaller tumors (Krouse stage I or II), larger tumors 
usually require sequential segmental endoscopic sur¬ 
gery (Krouse stage III). Tumor debulking with a pow¬ 
ered microdebrider may be required to determine tu¬ 
mor origin (Fig. 12.1). A suction trap should be used 
to collect the specimen for histological determina¬ 
tion. Subsequent resections should be tailored to the 
extent of tumor origin and should provide an ade¬ 
quate margin of surrounding normal mucosa. Com¬ 
plete removal of the intranasal portion of the tumor is 
performed and the origin of the tumor is identified. A 
medial maxillectomy is necessary if the tumor origi¬ 
nates from the medial maxillary wall or from within 
the maxillary sinus itself. This assists in the removal 
of the tumor and also allows easy endoscopic surveil¬ 
lance in the office setting. A wide middle meatal an- 



Fig. 12.1. Debulking of tumor using a microdebrider 
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tered. In the process, the lacrimal bone with the naso¬ 
lacrimal duct is transected. All cuts can be made with 
an osteotome if needed. Occasionally, a lacrimal stent 
may be used to keep the sac open, but in our experi¬ 
ence, most often this step is not necessary. 

The freed medial maxillary wall is now only at¬ 
tached anteriorly at the junction between the medial 
and anterior maxillary walls. It is reflected medially 
and this anterior attachment is sharply resected (Figs. 
12.4, 12.5, Video 12.1). The origin of the tumor is 
identified using angled endoscopes if necessary (Fig. 
12.6) and the tumor is resected. The surgical margins 
as well as the maxillary sinus are inspected for resid¬ 
ual tumor, through this large access to the maxillary 
sinus that has been created (Fig. 12.7). If needed, re¬ 
sidual tumor can be removed from the superior, lat¬ 
eral, inferior, and anterior walls of the maxillary si¬ 
nus through an accessory antrostomy through the ca¬ 
nine fossa. Diseased bone can be drilled away with 
a cutting burr. If involved, the anterior wall of the 
sphenoid is resected separately. Figure 12.8 shows the 


Fig. 12.5. Resected medial maxillary wall 



Fig. 12.6. View of tumor after medial maxillectomy. The tu¬ 
mor originates in the medial-inferior portion of the posterior 
maxillary wall 
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Fig. 12.7. Tumor is resected and the thin bone of the maxil¬ 
lary wall drilled with a diamond burr 



Fig. 12.8. Left nasal cavity 2 years after endoscopic medial 
maxillectomy for inverted papilloma 


healed maxillary cavity 2 years after endoscopic me¬ 
dial maxillectomy. 

The surgical cavity is dressed with hemostatic 
agents if needed or with nasal hyaluronic acid, espe¬ 
cially in the areas of exposed bone. 


Tips and Pearls 

Complete tumor resection at the site of attach¬ 
ment, preserving healthy tissue, is the key to 
successful treatment. 

Most recurrences are thought to develop 
because of an inadequate resection at the site 
of origin. 


Tumor debulking with a powered microdebrid- 
er may be required to determine tumor origin. 
The posterior limit of the resection is the pos¬ 
terior maxillary sinus wall. The surgeon 
should he mindful of the sphenopalatine 
artery in this area, and once it has been identi¬ 
fied, this vessel should be clipped or cauterized 
to prevent hemorrhage. 

■ If resection involves the nasolacrimal duct, 
endoscopic dacryocystostomy and stenting 
may be necessary to prevent postoperative 
epiphora. 


Complications and Management 


Complications have been reported to be between 0 
and 19.6% [1], Minor complications include epistaxis, 
epiphora, temporary infraorbital hypoesthesia, mini¬ 
mal orbital fat exposure, and periorbital ecchymosis. 
Significant injury to the intraorbital contents is pos¬ 
sible and the surgeon should be on the lookout for or¬ 
bital entry. Other complications include postopera¬ 
tive neuralgia and temporary hypoesthesia of the up¬ 
per teeth. Owing to the increased extent of surgery, 
blood loss may be greater. The management of these 
complications does not differ from that of those en¬ 
countered for standard endoscopic sinus surgery. 


Postoperative Care and Outcomes 


Postoperative care involves prophylactic oral antibi¬ 
otics for 10-14 days. Owing to the greater amount of 
intraoperative tissue trauma and increased bone ex¬ 
posure, drying and crusting of the mucosa is likely. 
The patient is brought back to the office for regular 
endoscopic debridements of the wound. Continued 
follow-up is required for surveillance of the surgical 
site for any recurrence. Most recurrences occur with¬ 
in the first 2 years and it is recommended that follow¬ 
up for all patients be performed for at least 5 years, as 
recommended for head and neck cancers [4], 

With limited excision, the recurrence rate ranges 
from 27 to 78% [14], With complete excision, recur¬ 
rence rates vary from 0 to 33% using either endoscop¬ 
ic or traditional approaches [6, 14], Lawson et al. [6] 
compared traditional versus endoscopic approaches 
in 160 patients, with an average follow-up period of 
5.2 years, and found comparable recurrence rates for 
conservative (12%) and aggressive (18%) approaches. 
Pasquini et al. [11] reported a lower recurrence rate 
for an endoscopic approach (3%) compared with an 
open approach (24%). Waitz and Wigand [17] report- 
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ed on 35 patients who underwent endoscopic excision 
with a recurrence rate of 17%. Similar results are re¬ 
ported by several authors [3, 4, 8, 15, 18]. It must be 
noted, however, that clinical staging of these tumors 
is unknown and therefore it can be very difficult to 
compare study groups. Outcomes may be biased by 
case selection and follow-up interval. 


Cocnlusion! 


- W 

Treatment of inverted papilloma requires sur¬ 
gical excision, for which endoscopic manage¬ 
ment is becoming the approach of choice owing 
to its numerous advantages. The key to success¬ 
ful treatment is locating the specific site of tumor 
origin and its attachment, defining the extension 
of the tumor and completely removing all affect¬ 
ed tissue. For selected tumors, endoscopic medi¬ 
al maxillectomy is required for complete resec¬ 
tion. Preliminary outcomes of the endoscopic ap¬ 
proach are comparable to those of the traditional 
external approach. Long-term follow-up studies 
which take into account the tumor stage are re¬ 
quired, however, to accurately compare the two 
techniques. 
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Core Messages 


■ With appropriate endoscopic skills and in¬ 
strumentation and routine endoscopic sur¬ 
veillance, patients with benign sinonasal neo¬ 
plasms can be treated safely and effectively. 

■ Certain benign neoplasms such as invert¬ 
ed papilloma can be locally aggressive and 
have a risk for malignant degeneration and 
should not be underestimated in treatment 
planning. 

■ Multimodality imaging with CT and MRI is 
important to evaluate the extent of the be¬ 
nign sinonasal neoplasms. 

■ In the management of benign sinonasal neo¬ 
plasms, a successful outcome is dependent 
on complete tumor removal. The utiliza¬ 
tion of angled scopes can assist the surgeon 
in assessing the entire maxillary antrum, 
the frontal recess, or a laterally pneumatized 
sphenoid sinus for residual tumor. 

■ Since en bloc resection during endoscopic re¬ 
section is often not possible, the location of 
specimens should be carefully identified to 
assist the pathologist. 
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Introduction 


Endoscopic sinus surgery has been utilized as a means 
of treating medically refractory chronic rhinosinus- 
itis and complicated acute rhinosinusitis for the past 
20 years. In an effort to improve patient outcomes by 
technique refinement, improved instrumentation, 
and an in depth understanding of endoscopic anato¬ 
my, surgeons were able to expand minimally invasive 
endoscopic surgery to include the treatment of sino¬ 
nasal tumors, skull base defects, and orbital pathol¬ 
ogy [1, 14], Patients have been the beneficiary of less 
invasive surgery, avoiding facial scars and experienc¬ 
ing less morbidity. Importantly this has been accom¬ 
plished without compromising long-term success in 
patients with benign neoplasms of the paranasal si¬ 
nuses [7, 9,15, 16]. Early concerns that tumors would 
be removed piecemeal rather than en bloc and would 
lead to unacceptable recurrence rates have not been 
warranted. With appropriate endoscopic skills and 
instrumentation and routine endoscopic surveillance, 
patients with benign sinonasal neoplasms can be 
treated safely and effectively. For many surgeons, an 
endoscopic approach has become the default choice. 
The purposes of this chapter are to outline the most 
commonly encountered benign neoplasms, identi¬ 
fy unique properties of individual tumors regarding 
size and location, and discuss specific surgical princi¬ 
ples for specific clinical situations. 

Neoplasm is defined as an abnormal proliferation 
of cells, especially one that is unchecked [25]; there¬ 
fore, it is not surprising that within the nasal cavi¬ 
ty and paranasal sinuses, otolaryngologists have en¬ 
countered primary tumors of epithelial, vascular, 
connective tissue, glandular, cartilaginous, and osse¬ 
ous origins (Table 13.1). Further distinction is made 
to differentiate benign from malignant neoplasms 
based on the lack of metastatic potential for benign 
neoplasms. It should be emphasized that, while be¬ 
nign, certain neoplasms such as inverted papilloma 
can be locally aggressive and have a risk for malig¬ 
nant degeneration and therefore should not be under¬ 
estimated in treatment planning. 
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Table 13.1. Benign neoplasms of the nasal cavity and para¬ 
nasal sinuses 


Inverted papilloma 

Squamous papilloma 

Cylindrical papilloma 

Fibroosseous lesions 

Angiofibroma 

Hemangioma/ 

Hemangiopericytoma 

Chondroma 

Pleomorphic adenoma 

Neurofibroma 

Fibrous histiocytoma 

Meningioma 



The paranasal sinuses are lined with pseudostrati- 
fied columnar epithelium, or respiratory epithelium, 
also referred to as Schneiderian membrane (epitheli¬ 
um). 

The most common benign neoplasms of the pa¬ 
ranasal sinuses are the Schneiderian papillomas, of 
which there are three types: squamous, inverted, and 
cylindrical. 

Squamous papillomas typically arise in the an¬ 
terior portions of the nasal cavity, often at the mu¬ 
cocutaneous border. These lesions generally have an 
exophytic, warty appearance and cause symptoms 
based on their size and location. They are typical¬ 
ly associated with crusting, epistaxis, and nasal air¬ 
way obstruction. Their natural history is to grow, 
and they respond well to simple local excision. They 
are not generally felt to harbor malignant potential. 
Inverted papilloma, the most common of the Sch¬ 
neiderian papillomas, classically arises from the lat¬ 
eral nasal wall and subsequently involves the contig¬ 
uous paranasal sinuses [1], These tumors are almost 
always unilateral, and patients present with nasal 
obstructive symptoms, bleeding, and postobstruc¬ 
tive sinusitis. On endoscopic examination, their ap¬ 
pearance varies from benign-appearing inflamma¬ 
tory polyps to a verrucous-appearing polyp. These 
lesions are almost always unilateral and the evaluat¬ 
ing physician should have a high index of suspicion 
for neoplasm. Multimodality imaging with CT and 
MRI is important to evaluate the extent of the le¬ 
sion, possible bone erosion which may suggest ma¬ 
lignancy, and postobstructive sinusitis. Microscopi¬ 
cally, one sees digitiform proliferation of squamous 
epithelium into the underlying stroma [1]. Complete 
excision is essential because of the potential for re¬ 
currence, locally aggressive spread, and the poten¬ 
tial for malignant degeneration into squamous cell 
carcinoma in about 9% of patients [8, 21] (Fig. 13.1). 
With complete endoscopic excision, the recurrence 
rate for inverted papilloma compares favorably and 
in some cases better than in cases treated by tradi¬ 
tional open or external approaches [6, 9, 15, 16, 21, 
27] (Table 13.2). Cylindrical cell papilloma is the least 
common of the three types. Though it occurs rarely, 
similar to inverted papilloma, cylindrical papilloma 



Fig. 13.1. Malignant degeneration of inverted papilloma in a 
patient undergoing prior “polypectomy” 



Fig. 13.2. Axial CT image of asymptomatic ossifying fibroma 


should be completely excised since it also has a sig¬ 
nificant potential for malignant degeneration. 

After papillomas, fibroosseous lesions represent 
the next most commonly encountered benign sino- 
nasal tumor. 

Fibroosseous lesions are classified into three gener¬ 
al types: osteoma, ossifying fibroma, and fibrous dys¬ 
plasia. 

Each has a distinct radiographical and histological 
appearance and treatment options can be based on 
principles of cure, function, and/or cosmesis [3], Os¬ 
teomas and ossifying fibromas are generally distinct, 
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Table 13.2. Comparison of recurrence rate with external vs. endoscopic approaches 


1 Authors 

Year 

External/endoscopic 

No. of patients 

Recurrence (%) 1 

Dolgin et al. [5] 

1992 

External 

42 

25 

Yrabec [24] 

1994 

External 

101 

2 

Lawson et al. [14] 

1995 

External 

112 

12 

Lawson etal. [15] 

2003 

Endoscopic 

30 

12 

Waitz and Wigand [25] 

1992 

External/endoscopic 

16/35 

19/17 

Pasquini et al. [19] 

2004 

External/endoscopic 

50/36 

24/3 

Kraft et al. [13] 

2003 

Endoscopic 

26 

8 

Tomenzoli et al. [23] 

2004 

Endoscopic 

47 

0 


well circumscribed, and can be completely removed 
(“cured”), while fibrous dysplasia tends to grow along 
and expand the plane(s) of normal bone and there¬ 
fore portions are removed to reduce functional im¬ 
pairment (Figs. 13.2-13.4). Furthermore, the prima¬ 
ry histological distinction between ossifying fibro¬ 
ma and fibrous dysplasia is the presence of lamellar 
bone and peripheral osteoblasts in an ossifying fibro¬ 
ma and the absence thereof in fibrous dysplasia [3], 
Each of these lesions can produce facial asymmetry 
in the absence of functional impairment and consid¬ 
eration can be made for intervening on the basis of 
improved cosmesis (Fig. 13.5). There is some contro¬ 
versy as to when surgical intervention is indicated. 
Most authors agree that symptomatic lesions should 
be removed [4,8] (Figs. 13.6,13.7). Large lesions asso¬ 
ciated with postobstructive rhinosinusitis and those 
in which growth is evident on serial CT scans should 
be considered for removal. Patients with fibrous dys¬ 
plasia may have significant headaches, but unless the 
treating physician is certain that surgery will lead to 
improvement, headache alone is not a reasonable in¬ 
dication for intervention (Fig. 13.8). The headaches 
should be managed medically. Small, asymptomatic 
lesions, often found incidentally, can be followed by 
CT at intervals (3-6 months) to determine the growth 
rate and should be treated accordingly. Patients with 
small, asymptomatic lesions are also instructed to no¬ 
tify the treating physician if symptoms referable to 
the lesion arise. 

Angiofibromas represent perhaps the most chal¬ 
lenging lesions to remove endoscopically because of 
their potential for significant bleeding during sur¬ 
gery. This must be anticipated and appropriate mea¬ 
sures taken in advance and in preparation. These tu¬ 
mors generally arise from the sphenopalatine artery 
in the pterygomaxillary space and expand to fill the 
nasopharynx, nasal cavity, and infratemporal fossa 
[22, 24], There may be intracranial extension in some 
cases. It is helpful to employ classification schemes in 
discussing tumor size and extent. 



Fig. 13.3. Axial CT image of a small, asymptomatic ethmoid 
osteoma 



Fig. 13.4. Coronal CT image of asymptomatic fibrous dyspla¬ 
sia of the frontal bone 
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Fig. 13.5. Sagittal CT image of fibrous dysplasia in a patient 
with frontal bossing 




Fig. 13.8. Coronal CT image of fibrous dysplasia of the sphe¬ 
noid bone without visual compromise 



Fig. 13.9. Angiogram of angiofibroma before embolization 


Fig. 13.6. Sagittal CT image showing a small, symptomatic 
frontoethmoid osteoma 


The Fisch classification of angiofibromas (utilized 
in this discussion) is: 



Fig. 13.7. Sagittal CT image after removal of osteoma 


Stage I tumors are limited to the nasal cavity 
and nasopharynx, with no bone destruction. 
Stage II tumors invade the pterygomaxillary 
fossa and/or the paranasal sinuses with bone 
destruction. 

Stage III tumors invade the infratemporal 
fossa, orbit, and/or the parasellar region, but 
remain lateral to the cavernous sinus. 

Stage IV tumors invade the cavernous sinus, 
optic chiasm region, and/or the pituitary fossa 
[19]. 


Patients are generally adolescent white men who pres¬ 
ent with nasal airway obstruction and episodes of se¬ 
vere epistaxis. Because the growth rate is slow, these 
patients often do not have significant pain or acute 
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postobstructive sinusitis. On endoscopic examina¬ 
tion, the surgeon may demonstrate a benign-appear¬ 
ing polypoid mass, but close evaluation and valsalva 
maneuver may reveal pulsations. Under no circum¬ 
stance should these lesions be biopsied in the office 
setting. Multimodality imaging with contrast-en¬ 
hanced MRI and CT should lead to the diagnosis of 
angiofibroma in this distinct patient population [22], 
Arteriography with embolization can be performed 
as a further diagnostic and therapeutic measure (Figs. 
13.9,13.10) [8,18, 22], 


Tips and Pearls 

For effective potential decrease in bleeding, ar¬ 
teriography with embolization should be per¬ 
formed within 48 h of planned surgical exci¬ 
sion [2, 5,13, 22], 


The patient’s baseline hemoglobin/hematocrit and 
platelets as well as coagulation profile should be as¬ 
sessed before surgery because of prior epistaxis as 
well as the potential for significant intraoperative 
bleeding. Blood products should be made available in 
advance. 

The surgical principles are: 

Preoperative planning 

Identification of the site of tumor origin 

Complete tumor removal 

Preservation of natural boundaries 

Identification of the tissue site for histological 

orientation 


Preoperative planning is an essential part of success¬ 
ful, uncomplicated surgery. This is true in patients 
operated on for medically refractory rhinosinusitis 
as well as those with benign sinonasal neoplasms. 
First and perhaps most importantly is obtaining in¬ 
formed consent. The risks of endoscopic surgery are 
well known and include bleeding, scar tissue forma¬ 
tion, orbital and intracranial injury, and alteration/ 
loss of sense of smell. Additional risks in tumor re¬ 
moval are related to the extent of surgery and may in¬ 
clude a higher level of the aforementioned risks. There 
is a higher risk of epiphora, for example, in an endo¬ 
scopic medial maxillectomy for inverted papilloma 
than in maxillary antrostomy for chronic rhinosinus¬ 
itis. There is a higher risk for CSF leak during remov¬ 
al of a frontoethmoid osteoma than during an anteri¬ 
or ethmoidectomy for chronic rhinosinusitis. In fact, 
a CSF leak may be an anticipated occurrence and its 
immediate repair should be planned and discussed 
with the patient [4], 

Patients may benefit from antibiotic treatment in 
cases of significant postobstructive sinusitis in an ef¬ 


fort to decrease inflammation of the surrounding 
mucous membranes. This typically translates into less 
bleeding. Patients should be instructed against the use 
of aspirin, aspirin-containing products, nonsteroidal 
anti-inflammatory drugs, and other products which 
can adversely affect platelet function or coagulation 
for 1 week before surgery. Certain over-the-coun¬ 
ter health aids such as gingko biloba can result in in¬ 
creased bleeding, and patients will often not disclose 
this in their medical history because it is not consid¬ 
ered a “medication.” Consultation with prescribing 
physicians is prudent if stopping certain medications, 
such as clopidogrel (Plavix) and/or warfarin sodium 
(Coumadin), may adversely affect other underlying 
medical conditions. On the day of surgery, it is help- 


Fig. 13.10. Angiogram of angiofibroma after embolization 



Fig. 13.11. Coronal CT image of a patient after medial maxil¬ 
lectomy with middle turbinate preservation for inverted papil- 
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ful to apply topical decongestants to the operative side 
of the nasal cavity while the patient is in the holding 
area. Standard injection of vasoconstrictive agents 
along the lateral nasal wall and into the greater pala¬ 
tine foramen is also recommended. General anesthe¬ 
sia is often utilized in these patients because of the 
risk of sudden and severe bleeding which would make 
airway protection difficult in a nonintubated patient. 
The length of surgery may also exceed the comfort 
limit for a patient under conscious sedation. 


Tips and Pearls 

In general, it is imperative to recognize and 
identify the apparent site of origin of benign si- 
nonasal tumors during their removal. 


preserved and not resected as they provide an excel¬ 
lent natural boundary to intracranial and intraorbital 
spread, which can become a significant treatment di¬ 
lemma. The careful use of bipolar cautery in these ar¬ 
eas is recommended over excision once all gross tu¬ 
mor has been removed. 

Since en bloc resection is often not possible, the 
specimens should be carefully identified as to loca¬ 
tion for the pathologist since there may be foci of se¬ 
vere dysplasia, carcinoma in situ, or even malignant 
degeneration, particularly in inverted papilloma. This 
may result in several separate specimens but is essen¬ 
tial to understanding the extent of the neoplasm and 
in directing future endoscopic surveillance for resid¬ 
ual or recurrent disease. 


While inverted papilloma and angiofibroma have 
classic sites of origin, it may not always be so, espe¬ 
cially in a case of recurrent/residual tumor or prima¬ 
ry inverted papilloma in the frontal or sphenoid si¬ 
nus. This has important implications in preventing 
recurrence, avoiding unnecessary tissue removal, and 
directing endoscopic surveillance. A successful out¬ 
come is dependent on complete tumor removal and 
the utilization of angled scopes can assist the surgeon 
in assessing the entire maxillary antrum, the frontal 
recess, or a laterally pneumatized sphenoid sinus for 
residual tumor. However, it may not be necessary to 
remove all turbinates in all cases to achieve this, and 
some degree of “function” can be preserved without 
compromising outcome (Fig. 13.11). Some tumors may 
expand and erode bone over time, placing the tumor 
against the dura of the anterior cranial cavity or the 
periorbita. When possible, these structures should be 



Fig. 13.12. Endoscopic view of inverted papilloma of the right 
nasal cavity 


irted Papilloma 


Patients with inverted papilloma are taken to the op¬ 
erating under two different circumstances: biopsy- 
proven inverted papilloma or unilateral “polyposis” 
with a high index of suspicion. Distinctive CT and 
MRI characteristics can aid preoperative diagnosis 
[20], In either circumstance, it is helpful to have the 
ability for intraoperative frozen section. Though the 
reported incidence of unsuspected diagnosis is less 
than 1% during routine histological examination of 
nasal polyp specimens, clinically relevant findings 
may be identified [12], Frozen section diagnosis will 
allow the surgeon to proceed with a potentially cura¬ 
tive procedure which would likely be more aggressive 
than surgery for benign inflammatory disease. It also 
helps avoid an unnecessary second operation. Once 
the patient has been appropriately anesthetized and 
vasoconstrictive agents have been locally infiltrated, 
the nasal cavity is examined with a 0° telescope (Fig. 
13.12). Careful, gentle manipulation of the tumor 
mass often allows the surgeon to determine its origin 
from the lateral nasal wall. A blunt, gently curved in¬ 
strument, such as the Cottle or Freer elevator, works 
well for this maneuver. Suction elevators are available 
from several vendors and are excellent tools at this 
point. Using a suction tip may result in abrasion of the 
mass and annoying bleeding. With use of a bipolar 
cautery the majority of the mass can be “amputated” 
and a more careful inspection of the middle meatus 
can be completed. At this point is often apparent if the 
middle turbinate, frontal recess, and/or ethmoid cav¬ 
ity are/is involved. The uncinate process may be me¬ 
dially displaced or destroyed from long-term tumor 
expansion. After any residual uncinate process is re¬ 
moved, the medial maxillary wall is inspected. It may 
be medially displaced from intraantral tumor expan¬ 
sion or completely replaced by tumor. When there is 
significant intraantral tumor, it often sits in a “dumb- 
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bell” fashion and does not demonstrate true antral 
mucosal involvement. When the antral mucosa is in¬ 
volved, the inferior turbinate is removed along with 
the medial maxillary wall down to the level of the na¬ 
sal floor (Figs. 13.13, 13.14). Backbiting instruments 
and the side-biting antral punch are useful tools in 
this situation. Small “bites” should be taken because 
this bone is thick and large bites may lead to ruining 
expensive instruments if the surgeon is too aggres¬ 
sive. All tissue should all be sent to the pathology de¬ 
partment and identified as to site. At this point, the 
maxillary antrum can be completely visualized and 
instrumented with angled scopes and instruments. 
It is not necessary to remove all antral mucosa in all 
patients. As mentioned earlier, once the site of origin 
has been determined, a surrounding “cuff” of grossly 
normal mucosa is included in the specimen. 



Fig. 13.14. A 30° endoscopic view of the maxillary antrum 
after endoscopic medial maxillectomy 


If the tumor extends into the ethmoid sinus, a total 
ethmoidectomy should be performed and the lami¬ 
na papyracea and anterior skull base should be skel¬ 
etonized. Depending on the extent of tumor, it may 


Tips and Pearls 

If an area of hyperostosis is noted on CT, the 
operating surgeon should take careful note 
of this area. This often corresponds to the site 
of origin and early local extension. It is rec¬ 
ommended to use a diamond burr to thin the 
bone in this area. 
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Fig. 13.15. Intraoperative 
view using computer-aided 
surgery in a patient with 
isolated papilloma overly¬ 
ing the posterior wall of the 
sphenoid sinus 



Fig. 13.16. Eight-year postoperative axial view after resection 
of isolated sphenoid sinus inverted papilloma 


be necessary to perform a wide sphenoidotomy[10] 
(Figs. 3.15-3.17). This allows for complete inspection 
of the sphenoid sinus and for endoscopic surveillance 
of that area in follow-up. If tumor extends into the 
frontal recess and/or frontal sinus, it is vital to distin¬ 
guish pedunculated extension from true mucosal in¬ 
volvement. If the tumor is pedunculated, it can sim¬ 
ply be retracted and removed. If there is mucosal in¬ 


volvement, a more aggressive approach such as a Draf 
II/III or a modified Lothrop procedure should be per¬ 
formed to obtain adequate exposure for tissue remov¬ 
al. In some cases an adjunctive “classic” approach is 
utilized in addition to the endoscopic approach [11, 
16,17,26]. A Caldwell-Luc approach may be required 
to access the entire maxillary antrum in cases of ex¬ 
tensive maxillary sinus involvement [16]. 
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Tips and Pearls 

A frontal sinus trephination or even an osteo¬ 
plastic frontal sinusotomy may be necessary to 
adequately visualize and remove the entire 
tumor from the frontal sinus (Fig. 3.18). 

If an osteoplastic frontal sinusotomy is per¬ 
formed, the frontal sinus should not be obliter¬ 
ated as this will make follow-up difficult. It 
is preferable to maintain a patent frontal recess 
and frontal sinus that can be examined with 
rigid and flexible nasal endoscopy rather than 
attempting to differentiate tumor recurrence 
from fat or fibrosis on CT or MRI. 


Once all tumor has been removed, the cavity is ir¬ 
rigated with saline and inspected for bleeding. Hemo¬ 
stasis is obtained with bipolar cautery and temporary 
placement of cottonoids impregnated with vasocon¬ 
strictive agents. Packing is not routinely required but 
is left up to the discretion of the operating surgeon. 
Patients are observed for bleeding in the postanesthe¬ 
sia care unit and may be discharged accordingly. 


Fibroosseous Lesions 


Osteoma/Ossifying Fibroma 

These lesions tend to be distinct and well circum¬ 
scribed and therefore are amenable to complete re¬ 
moval. They can be classified by location as ethmoid, 


frontoethmoid, and frontal. Less common are prima¬ 
ry lesions involving the maxillary or sphenoid sinus¬ 
es, though these areas may become involved by ex¬ 
tension from the ethmoid sinus. The challenge is to 
adequately reduce the size of the tumor so that it can 
be removed from the nasal cavity without damaging 
surrounding structures. The endoscopic removal of 
these lesions represents an ideal clinical situation in 
which computer-aided surgery may be helpful. When 
large lesions are encountered, the progress of tumor 
reduction can be compared with the patient’s preop¬ 
erative images (Fig. 3.19) If a large lesion is prema¬ 
turely cleaved, it is very difficult to achieve further tu¬ 
mor reduction so that it can be safely atraumatically 
removed from the nasal cavity. Microdebrider tech¬ 
nology is another advancement that allows the endo¬ 
scopic surgeon to carefully reduce the bulk of these 
lesions with a variety of burrs. 

Once the patient has been properly anesthetized 
and injected, the nasal cavity is inspected with a 0° 
telescope. The initial steps of the surgery are simi¬ 
lar to those of a standard endoscopic ethmoidectomy. 
The middle turbinate is gently medialized, the unci¬ 
nate process removed, and the maxillary ostium iden¬ 
tified. Depending on the precise location of the lesion, 
an ethmoidectomy is also performed. Once the lesion 
is encountered, it can be slowly reduced in size with a 
cutting burr. Care should be taken not to damage sur¬ 
rounding mucosa as this will lead to stenosis and pos¬ 
sible iatrogenic sinusitis. After the lesion has been ad¬ 
equately reduced, it should be cleaved and removed. 
This is perhaps the most critical step. Often the cleav¬ 
age plane can be predicted from the preoperative im- 
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Fig. 13.20. Coronal CT image of a patient with a large symp¬ 
tomatic osteoma removed by combined intranasal endoscopic 
and osteoplastic frontal sinusotomy approaches 
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Fig. 13.22. Intraoperative 
view with computer-aided 
surgery of extensive fibrous 
dysplasia in a patient 
undergoing decompres¬ 
sion of the orbital apex for 
progressive visual loss 



ages. Using an angled curette, the surgeon reaches be¬ 
hind the lesion and pulls in an anterior and inferior 
direction, away from the skull base. Occasionally an 
osteotome is required. This should be done with ex¬ 
treme caution as a posterior superior force may lead 
to fracture of the skull base and intracranial injury. 
If the cleavage plane involves the lateral cribriform 
plate lamella, the force required to achieve cleavage 
may exceed the resistance of the skull base, resulting 
in a fracture and subsequent CSF leak. This scenar¬ 
io should be recognized on the patient’s preoperative 
images and discussed in advance. Following tumor 
removal, the skull base is carefully inspected during 
positive-pressure ventilation for detection of a CSF 
leak. If a CSF leak is suspected, it should be repaired 
immediately. For lesions extending into the frontal 
recess and frontal sinus, the use of angled burrs and 
scopes may enable complete transnasal removal. As 
with inverted papilloma, an extended Draf II/III or 
modified Lothrop procedure may be required. Ad¬ 
junctive frontal trephination or osteoplastic frontal 
sinusotomy may be necessary for tumors extending 
superior and/or lateral in the frontal sinus (Fig. 3.20). 
These scenarios should be evident from the preopera¬ 
tive imaging studies and planned accordingly. 

The operative management of fibrous dysplasia fol¬ 
lows similar principles except that the goal is not gen¬ 
erally complete tumor removal. The surgeon deter¬ 


mines in advance the extent of tissue removal based 
on the location from the preoperative images. For ex¬ 
ample, when the orbital apex is compromised, the goal 
is to decompress that area by removing the posterior 
medial portion of the lamina papyracea and uncover¬ 
ing the medial portion of the optic nerve (Figs. 3.21, 
3.22). The unique challenge with fibrous dysplasia is 
that it may vary in its consistency. When there is a sig¬ 
nificant osseous component, it can be reduced with a 
burr similar to osteoma/ossifying fibroma. If there is 
more of a fibrous component, curettage works well. 
Computer-aided surgery is an invaluable tool in ei¬ 
ther instance to track progress. 


Angiofibroma 


Complete exposure of the extent of tumor is the ini¬ 
tial step. This is accomplished by removing the inferi¬ 
or portion of the middle and occasionally the superi¬ 
or turbinate [2], The uncinate process is removed and 
a wide maxillary antrostomy is created to expose the 
posterior wall of the maxillary sinus. The posterior 
maxillary wall may have been significantly thinned 
from tumor pressure. The ethmoid air cells are opened 
and the lamina papyracea and posterior ethmoid roof 
are skeletonized. Tumor adherence to the nasal sep- 
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Fig. 13.24. External view of angiofibroma after endoscopic 
resection and transoral delivery 


turn, posterior choana, and nasopharyngeal mucosa 
should be divided. This may be accomplished blunt¬ 
ly with a suction elevator or sharply depending on the 
tenacity of the adherence. When bleeding is encoun¬ 
tered, tissue separation should be done with suction 
bipolar cautery. Once the tumor has been mobilized, 
the pterygomaxillary space can be dissected (Figs. 
13.23, 13.24). The posterior wall of the maxillary si¬ 
nus is removed with a curette. This is usually easi¬ 
ly accomplished because the bone has been thinned 
or may even be absent. With blunt dissection, the tu¬ 
mor s vascular pedicle can be identified. The tumor 
is divided from its pedicle using bipolar cautery or a 
vascular clip. A vascular clip has the added advantage 
of being identified in follow-up imaging studies as 
the lateral boundary of surgical dissection. Depend¬ 
ing on tumor size, it may delivered via a transoral ap¬ 
proach through the nasopharynx. Hemostasis is ob¬ 
tained with bipolar cautery and packing is placed as 
indicated. Patients should be observed overnight for 
potential bleeding and can usually be discharged on 
the first postoperative day. 

The surgical principles outlined as described for 
inverted papilloma, fibroosseous lesions, and angio¬ 
fibroma can be applied to other less common benign 
neoplasms of the nasal cavity and paranasal sinuses 
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(Figs. 13.25, 13.26). With a high index of suspicion, 
appropriate imaging studies, careful preoperative 
planning, advanced endoscopic skills and tools, and 
endoscopic surveillance, surgeons can safely and ap¬ 
propriately provide care for their patients with benign 
neoplasms of the nasal cavity and paranasal sinuses. 


Conlusion 


With appropriate endoscopic skills and instru¬ 
mentation and routine endoscopic surveillance, 
patients with benign sinonasal neoplasms can be 
treated endoscopically safely and effectively. 



Fig. 13.26. Coronal CT image demonstrating nasal septal 
chondroma with postobstructive sinusitis 
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Repair of Anterior Skull Base Defects 
and CSF Leaks 

Bradford A. Woodworth, Rodney J. Schlosser 


Core Messages 


■ The diverse causes of CSF leaks and enceph- 
aloceles make it essential to have a thorough 
understanding of the underlying pathophys¬ 
iology, principles of management, and treat¬ 
ment options in order to achieve an excellent 
outcome. 

■ Our current diagnostic studies and preop¬ 
erative imaging for localization of skull base 
defects permit accurate identification with 
minimal operative morbidity. 

■ The site of the skull base defect ultimately de¬ 
termines the specific surgical approach. 

■ Nearly all skull base defects in the anteri¬ 
or skull base are amenable to endoscopic re¬ 
pair. 

■ External approaches are still necessary for 
posterior table defects in the frontal sinus lo¬ 
cated beyond the reach of frontal sinus in¬ 
struments. 

■ Reconstruction of the skull base defect is de¬ 
pendent upon the cause of the leak and oth¬ 
er factors, including the underlying intracra¬ 
nial pressure. 

■ This chapter highlights the surgical tech¬ 
niques and perioperative care relevant to si- 
nonasal CSF leaks and encephaloceles. 
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Introduction 


Over 20 years ago, neurosurgeons were primarily re¬ 
sponsible for managing cerebrospinal fluid (CSF) 
leaks and meningoencephaloceles that extended into 
the nasal cavity from the anterior cranial fossa. Typ¬ 
ically, skin incisions and craniotomies were required 
to seal skull base defects from within the intracrani¬ 
al space. Widespread experience with endoscopic si¬ 
nus surgery techniques and instrumentation has al¬ 
lowed operating on the skull base through the nose 
with minimally invasive techniques. Skull base pro¬ 
cedures, such as transsphenoidal hypophysectomies, 
are now performed with endoscopic assistance, there¬ 
by increasing visualization and obviating the need 
for operating microscopes. Now, encephaloceles and 
skull base defects of the sinonasal cavity have been re¬ 
paired with relatively high success rates using these 
accepted endoscopic techniques for nearly 20 years 
[10]. It has truly become the standard of care in rou¬ 
tine CSF leaks of the anterior cranial skull base. 


Anatomic Site 


The location of a skull base defect often dictates the 
subsequent surgical approach and technique; there¬ 
fore, it is useful to divide sites of CSF leaks into their 
respective anatomic locations: 

1. The frontal sinus 

(a) Adjacent to the frontal recess 

(b) Direct involvement of the frontal recess 

(c) Located within the frontal sinus proper 
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2. The ethmoid sinus 

(a) Ethmoid roof 

(b) Lateral lamella of the cribriform plate 

3. The cribriform plate 

4. The sphenoid sinus 

(a) Medial/planum sphenoidale 

(b) Perisellar 

(c) lateral sphenoid recess 

Although most skull base defects are limited to one of 
these distinct sites, it is important to realize some de¬ 
fects encompass multiple anatomic areas. Of the dif¬ 
ferent anatomic locales, skull base defects in the fron¬ 
tal and sphenoid sinus deserve special mention. 

There are a number of specific considerations re¬ 
garding endoscopic repair of frontal sinus CSF leaks 
and encephaloceles. Successful repair of the CSF leak 
is essential, but long-term patency of the frontal sinus 
or obliteration with meticulous removal of all mu¬ 
cosa in the sinus is essential and unique to this an¬ 
atomic location. Endoscopic repairs of defects adja¬ 
cent to the frontal recess may create iatrogenic mu¬ 
coceles or frontal sinusitis if graft material, packing, 
or synechiae obstruct the frontal sinus outflow tract. 
In addition, defects located within the frontal re¬ 
cess are very difficult to approach surgically, because 
the superior extent of the defect may be difficult to 
reach via an endoscopic repair from below and an ex¬ 
ternal approach from above. If an endoscopic repair 
is planned, adequate experience with angled endo¬ 
scopes and frontal giraffe instruments is essential for 
success in this area. External approaches are certain¬ 
ly adequate in this area and still have a primary role 
for CSF leak repairs located superiorly and laterally in 
the frontal sinus. 

Like the frontal sinus, skull base defects located in 
the sphenoid sinus have several important anatomical 
considerations. The sphenoid sinus is formed by the 
anterior and middle cranial fossae, is in close prox¬ 
imity of the internal carotid artery and optic nerve, 
and may have extreme lateral pneumatization that 
limits accessibility via traditional endoscopic routes. 
Although perisellar CSF leaks and encephaloceles are 
considered more common secondary to transsphenoi¬ 
dal pituitary resections, other sphenoid defects typi¬ 
cally require completely different surgical and post¬ 
operative management. A thorough understanding of 
the underlying cause, pathophysiology, management 
principles, and treatment options is essential to ob¬ 
tain excellent outcomes. 


Etiology 


Most CSF leaks can be broadly classified into trau¬ 
matic (including accidental and iatrogenic trauma), 
tumor-related, spontaneous, and congenital. These 
types influence the size and structure of the bony de¬ 
fect, the degree and nature of the dural disruption, in¬ 
tracranial pressure, and meningoencephalocele for¬ 
mation. 


Trauma (Accidental and Iatrogenic) 

Traumatic CSF leaks may result from blunt or pene¬ 
trating trauma. Disruption of the skull base can cre¬ 
ate an obvious CSF leak or the patient may present 
years later with meningitis, delayed leak, or enceph¬ 
aloceles. Although conservative treatment is usually 
attempted with small CSF leaks, there is a reported 
29% incidence of meningitis with long-term follow¬ 
up of CSF leaks that are managed nonsurgically [2], 
Iatrogenic trauma deserves special mention. Oto¬ 
laryngologists are the only surgical subspecialty 
trained to perform sinus surgery. In the age of en¬ 
doscopic sinus surgery and powered instrumenta¬ 
tion, iatrogenic skull base injuries are all too fre¬ 
quent. Otolaryngologists should have the ability to 
repair a CSF leak that results as a complication of si¬ 
nus surgery. 


Idiopathic/Spontaneous 

Patients with spontaneous CSF leaks likely have a 
variant of benign intracranial hypertension with ev¬ 
idence of an empty sella on an MRI scan [13,15]. El¬ 
evated CSF pressure increases hydrostatic force at 
the weakest sites of the skull base. Spontaneous leaks 
rarely occur in the frontal sinus, but are more likely 
to occur immediately adjacent to the frontal recess in 
the ethmoid roof or anterior cribriform plate. Anoth¬ 
er common area for spontaneous CSF leaks and en¬ 
cephaloceles is in the lateral recess of the sphenoid si¬ 
nus. These latter areas were relatively undocumented 
until recently [4, 5, 9]. In these cases, temporal-lobe 
tissue herniates through a middle cranial fossa de¬ 
fect lateral to the foramen rotundum and vidian ca¬ 
nal. These patients have excessive pneumatization of 
the pterygoid process with an attenuated sphenoid si¬ 
nus recess roof and skull base. This increases the like¬ 
lihood of defects developing in the floor of the middle 
fossa [11], Elevated CSF pressures may contribute to 
the development of these CSF leaks. The elevated CSF 
pressures seen in this subset of patients leads to the 
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highest rate (50-100%) of encephalocele formation, 
and the highest recurrence rate following surgical re¬ 
pair of the leak (25-87%), compared with less than 
10% for most other causes [7, 8, 12]. Underlay bone 
grafts in these patients may help prevent encephalo¬ 
cele herniation and disruption of the repair. In addi¬ 
tion, we recommend lumbar drains perioperatively 
and acetazolamide postoperatively to lower elevated 
intracranial pressure. 


Neoplasms 

Sinonasal tumors and skull base neoplasms can cre¬ 
ate CSF leaks directly through erosion of the anteri¬ 
or cranial fossa or middle cranial fossa, or indirectly 
secondary to therapeutic treatments for the tumor. 
Repair of a skull base defect following endoscopic 
tumor resection is a routine part of operative plan¬ 
ning. (Fig. 14.1) Persistent malignant tumor follow¬ 
ing resection and repair will continue to erode the 
skull base and create a CSF leak. Prior chemother¬ 
apy or radiation creates significant difficulties with 
healing. 


Congenital 


Congenital encephaloceles were initially divided into 
sincipital (also referred to as anterior or frontoeth- 
moidal) and basal encephaloceles. The basal-type en¬ 
cephaloceles are intranasal in location and have been 
variously described as transethmoidal, sphenoeth¬ 
moidal, sphenomaxillary, sphenoorbital, transsphe¬ 
noidal, and transtemporal [6]. In reality, congenital 
dehiscence can likely occur through any point in the 
skull base. Although these defects are present since 
birth, they may not be diagnosed clinically until the 
patient presents with nasal obstruction, CSF leak, 
meningitis, or facial deformity. With appropriate in¬ 
strumentation and experience, many of these defects 
can be repaired endoscopically in patients as young as 
2 years of age [17,18]. 


Diagnosis and Preoperative Tests 


An ideal test that detects the presence of a CSF leak 
while also identifying the location of the skull base 


Fig. 14.1. CT scan 
triplanar imaging of an 
esthesioneuroblastoma 
with an endoscopic view 
(upper right) of the large 
skull base defect following 
endoscopic resection. A 
soft-tissue underlay graft 
using Duragen* (Integra 
NeuroSciences, Plainsboro, 
NJ, USA) was tucked into 
the epidural space 
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defect with 100% accuracy is not currently available; 
therefore, a combination of preoperative tests is often 
necessary to establish the diagnosis and localize the 
defect. The tests should be chosen on the basis of the 
clinical picture and the precise information needed, 
rather than following a rigid algorithm. The invasive¬ 
ness of the test and the risks to the patient should al¬ 
ways be considered. 

The following are techniques for diagnosing and lo¬ 
calizing CSF leaks: 

1. ^-Transferrin 

Advantages: Accurate, noninvasive, low incidence 
of false positives and negatives [14,16] 
Disadvantages: Nonlocalizing 
Comments: Beta-trace protein is another marker 
used primarily in Europe [1] 

2. High-resolution coronal and axial CT scans 
Advantages: Excellent bony detail 
Disadvantages: Inability to distinguish CSF from 
other soft tissue; bony dehiscences may be present 
without a leak 

Comments: Performed in every patient for opera¬ 
tive planning 

3. Radioactive cisternograms 

Advantages: Localizes side of the leak, identifies 
low volume or intermittent leaks 
Disadvantages: Invasive, localization imprecise 
Comments: Imaging technique - more informa¬ 
tion obtained than with a radionucleotide cister- 
nogram 

4. MRI/magnetic resonance cisternography 
Advantages: Excellent soft-tissue (CSF/brain vs. 
secretions) detail, noninvasive 
Disadvantage: Poor bony detail 

Comments: Imaging useful for lateral sphenoid 
opacities and suspected encephaloceles 

5. Intrathecal fluorescein 

Advantages: Precise localization, blue-light filter 
improves sensitivity 

Disadvantages: Invasive; skull base exposure re¬ 
quired for precision localization 
Comments: See below 

One of the most useful advancements in diagnosing 
and localizing CSF leaks has been the use of intra¬ 
thecal fluorescein with a thorough endoscopic exam¬ 
ination. For those patients with an unclear diagno¬ 
sis, a thorough endoscopic examination following the 
administration of intrathecal fluorescein can be par¬ 
ticularly helpful in establishing the preoperative di¬ 
agnosis. This test is more useful in individuals who 
have had prior sinus surgery and have an exposed, 
skeletonized skull base. For this reason, fluoresce¬ 
in is more commonly administered intraoperatively, 
so that complete skeletonization of the skull base may 
permit accurate diagnosis and localization. We typi¬ 


cally use this intraoperatively in all cases, since it pos¬ 
es little risk, is useful in localizing the defect, and en¬ 
sures a watertight closure. The fluorescein may be sig¬ 
nificantly diluted or excreted by the time skull base 
exposure is attained depending upon the rate of the 
leak, the rate of CSF turnover, and the timing of the 
intrathecal injection. The addition of a blue-light filter 
can improve the detection of dilute fluorescein. 

Fluorescein is not FDA-approved for intrathecal 
injection, because seizures and neurotoxicity have 
been reported when using higher concentrations or 
more rapid injections. We have had no complications 
using a mixture of 0.1 ml of preservative-free 10% flu¬ 
orescein diluted in 10 ml of the patient’s CSF slowly 
injected over 10-15 min. We obtain informed writ¬ 
ten consent regarding the risks and benefits of intra¬ 
thecal fluorescein and its lack of FDA approval in all 
patients. 


Operative Technique 


Each case begins with rapid sequence intubation, in 
order to minimize the risk of pneumocephalus from 
bag mask ventilation. For almost all cases, our neuro¬ 
surgical service then places a lumbar drain. This can 
be useful in cases that demonstrate elevated CSF pres¬ 
sures or when a repair is somewhat tenuous. We then 
inject intrathecal fluorescein as previously described 
[14], which is extremely useful for localizing the ex¬ 
act site of the skull base defect. If the lumbar drain is 
not needed postoperatively, it is easily removed at the 
end of the case. 

The appropriate surgical approach varies depend¬ 
ing upon the exact site and size of the defect, the 
equipment available, and the experience of the sur¬ 
geon. 


The Frontal Sinus 

Repairing frontal sinus CSF leaks via an endoscop¬ 
ic approach requires a thorough knowledge of fron¬ 
tal recess anatomy and its variants. All air cells en¬ 
croaching on the frontal sinus outflow tract, such as 
agger nasi cells anterolaterally or suprabullar cells 
posteriorly, must be removed in their entirety to in¬ 
crease the chance of long-term frontal patency. At the 
same time, careful attention to preserving the mu¬ 
cosa surrounding the outflow tract will also increase 
long-term patency. Stripping the mucosa will ulti¬ 
mately lead to scar tissue formation and osteitic bone 
and increase failure rates. Therefore, expertise with 
angled scopes and frontal giraffe instruments is in- 
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dispensable for adequate visualization and operating 
efficiency. 

After wide exposure of the skull base defect 
through a wide frontal sinusotomy, an intraoperative 
judgment must be made regarding the ability to per¬ 
form a successful CSF leak repair while maintaining 
patency of the frontal recess. (Fig. 14.2) Attempting 
endoscopic repair initially does not burn any bridg¬ 
es, since an open procedure can be performed at a lat¬ 
er time if failure or outflow tract obstruction ensues. 
When the defect approaches the midline, a modified 
endoscopic Lothrop procedure can increase surgical 
access and provide bilateral frontal sinus drainage if 
ipsilateral stenosis of the duct is expected from the re¬ 
pair. Likewise, a frontal trephine can provide access 
to the superior limits of a defect and endoscopes may 
be utilized through the trephine as well as from be¬ 
low. 

Although we discourage the use of hard stents to 
maintain frontal sinus patency secondary to an in¬ 
creased probability of reactive scar formation and 
osteitic bone formation, we have found soft silastic 
stents useful in maintaining patency, if the mucosa is 
preserved and the stent is gently placed in the frontal 
sinus outflow tract. This stent has the added advan¬ 
tage of helping maintain placement of the soft-tissue 
overlay graft, especially when the skull base defect is 
located in the vertical plane of the posterior table. 

Although the limits of endoscopic approaches con¬ 
tinue to expand with improved equipment and ex¬ 
perience, posterior table defects located beyond the 
reach of frontal sinus instruments superiorly or lat¬ 
erally to the sinus outflow tract still require an open 
approach [19]. We feel that this is the only area in the 
anterior skull base not amenable to endoscopic tech¬ 
niques. The method most often used is an osteoplas¬ 
tic flap with thorough removal of all mucosa and uni¬ 
lateral or bilateral obliteration (depending upon the 
size of the frontal sinus). Repairing a posterior table 
defect via an osteoplastic flap can be performed with¬ 
out obliteration if the defect is sufficiently superior or 
lateral to avoid compromising the sinus outflow tract. 
A well pneumatized frontal sinus with a defect in the 
lateral recess can be repaired via an osteoplastic flap 
or trephine without compromising the frontal recess. 
Since the potential for mucocele formation is signif¬ 
icant regardless of the surgical approach, close fol¬ 
low-up is essential and must be emphasized to the pa¬ 
tient. 


The Ethmoid Roof/Cribriform Plate 

The posterior ethmoid roof and lateral lamella of the 
cribriform plate are two of the most common areas 
for iatrogenic CSF leaks [14]. In general, these are the 
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easiest areas to repair because they only require an 
ethmoidectomy for exposure of the defect. The mu¬ 
cosa is easily elevated around the defect for prepara¬ 
tion of the graft. However, CSF leaks and encephalo- 
celes originating in the olfactory cleft/cribriform plate 
are much more difficult to repair. Unlike other areas, 
such as the ethmoid roof, sphenoid sinus, and poste¬ 
rior table of the frontal sinus, the bone is not smooth. 
Elevating the mucosa on the defect is extremely dif¬ 
ficult because the cleft is very narrow and often has 
multiple perforations where the olfactory filaments 
exit the cribriform plate. Placing an underlay graft in 
the epidural space in this area is almost impossible. 
Instead of elevating mucosa here, we typically cauter¬ 
ize it with a bipolar device to try to ablate the muco¬ 
sa, and then use a simple overlay graft with cadaver¬ 
ic fascia, alloderm, or mucosa. We typically resect the 
middle turbinate up to skull base to gain access to this 
area, but leave the septum intact to provide support 
for packing materials. Although, this repair does not 
seem as structurally sound as those repairs with an 
underlay graft, we have not noticed a drop in success 
rate when compared with that for other areas. 


The Sphenoid Sinus 


Simple defects in the central sphenoid or perisellar re¬ 
gions can be approached either through a direct para¬ 
sagittal endoscopic approach or transethmoid ap¬ 
proach. The middle turbinate is gently lateralized and 
the inferior portion of the superior turbinate is resect¬ 
ed following topical and injected vasoconstriction. 
Just medial to the superior turbinate within the sphe- 
noethmoid recess, the natural ostium of the sphenoid 
is identified and a wide sphenoidotomy performed 
using straight mushroom and Kerrison punches. Ad¬ 
ditional midline exposure is gained by resecting the 
posterior portion of the nasal septum and the inter¬ 
sinus septum. If the defect is located more laterally, 
a complete endoscopic ethmoidectomy is performed 
with perforation of the basal lamella, resection of the 
inferior third of the superior turbinate, and identi¬ 
fication of the natural ostium of the sphenoid. The 
sphenoidotomy is extended laterally to the medial or¬ 
bital wall and the lateral wall of the sphenoid sinus as 
needed. 

Skull base defects of the middle cranial fossa in the 
lateral recess of the sphenoid sinus are difficult to ac¬ 
cess by the midline transeptal/parasaggital or trans¬ 
ethmoid approaches and ultimately require an endo¬ 
scopic transpterygoid approach [3], A complete eth¬ 
moidectomy, wide maxillary antrostomy, and wide 
sphenoidotomy are performed first. The posterior wall 
of the maxillary sinus is removed to gain access to the 
pterygopalatine fossa. The internal maxillary artery 
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Fig. 14.2. a This skull base 
defect is located in the eth¬ 
moid roof posterior to the 
frontal recess. The ethmoid 
roof is skeletonized for 
exposure of the defect and 
the frontal recess is me¬ 
ticulously dissected with 
mucosal sparing technique. 
A frontal sinusotomy is 
necessary for exposure and 
prevention of iatrogenic 
frontal sinusitis or muco¬ 
cele from packing material, 
b Triplanar CT imaging 
of a patient with a similar 
defect just posterior to the 
frontal recess 



and its branches are identified and reflected interiorly 
or clipped and divided. The vidian and the maxillary 
nerve are meticulously dissected within the pterygo¬ 
palatine fossa to avoid the unnecessary morbidities of 


cheek anesthesia and problems with lacrimation. The 
anterior face of the sphenoid sinus that has pneuma¬ 
tized into the pterygoid plates is drilled away for ex¬ 
posure of the lateral recess of the sphenoid sinus. 





Repair of Anterior Skull Base Defects and CSF Leaks 

Repair of Skull Base Defect 

Once adequate identification and exposure of the 
skull base defect has been obtained using one of the 
surgical approaches described in the preceding sec¬ 
tions, the recipient bed is prepared by removal of sev¬ 
eral millimeters of mucosa around the bony defect 
(Fig. 14.3). Malleable suction elevators are particular¬ 
ly helpful, since these can be molded to the appropri¬ 
ate angle for defects located almost anywhere on the 
anterior skull base. Encephaloceles are ablated using 
bipolar cautery as much as possible. Malleable suction 
monopolar cautery devices can reach difficult areas 
in the anterior and lateral skull base, but should be 
avoided near the optic nerve or carotid artery. Metic¬ 
ulous hemostasis is mandatory while ablating the en- 
cephalocele to avoid retraction of the sac and possible 
intracranial hemorrhage. After reduction of the en- 
cephalocele, if a lumbar drain has been placed preop- 
eratively, the drain is opened and 10-15 ml of CSF is 
shunted into the collection bag. The bag is then posi¬ 
tioned to establish a flow rate of 5-10 ml/h. This will 
decrease intracranial pressure and aid in the reduc¬ 
tion of the encephalocele base, thereby facilitating 
graft placement. 

A multilayer repair technique of CSF leaks that 
consists of an underlay graft placed in the epidur¬ 
al space and an overlay graft placed intranasally be¬ 
neath the bony skull base is preferred. Ball-tipped 
probes are useful for tucking the graft inside the bony 
edges of the skull base into the epidural space. As stat¬ 
ed previously, the placement of an underlay graft in 
the olfactory cleft/cribriform area is very difficult, so 
an overlay graft only is placed in this area. Underlay 
grafts are also unnecessary for linear cracks in the 
skull base, since attempted placement may increase 
the size of the defect (Fig. 14.4). If the patient has el¬ 
evated CSF pressures, a rigid underlay graft, such as 
bone, in the epidural space can provide support for 
the repair. Leaks with other causes where there are 
normal intracranial pressures probably do not re¬ 
quire rigid grafting and can be repaired successfully 
by using soft-tissue grafts. 

Options for rigid grafting include bone grafts from 
the nasal septum, turbinates, or mastoid. Septal bone 
provides significant strength and is easily trimmed to 
shape using through-cutting sinus instruments. Tur¬ 
binate bone is often thin and may have a shape that 
does not conform to the native skull base. Mastoid 
bone can be sculpted to the precise shape needed, 
but requires additional time to harvest. Cartilage has 
a tendency to fracture, is very thick, and has a lower 
structural strength than bone grafts. 

A variety of soft-tissue materials may be used for 
underlay or overlay grafts, including: 
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Fig. 14.3. The mucosa is gently elevated around the defect for 
several millimeters 



Fig. 14.4. An overlay graft is placed against the defect 
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■ Temporalis fascia 

■ Fascia lata 

Cadaveric dermis or fascia 
^ Commercially available animal collagen, fas¬ 
cia, or pericardium 

Mucosa or mucoperichondrium (overlay only) 


Mucosal grafts placed in the epidural space are un¬ 
acceptable, because mucoceles, meningitis, and other 
intracranial complications can occur when contami¬ 
nated mucosa is placed intracranially. In most cases, 
fibrin glue or other tissue glue is rarely necessary after 
placement of the graft. Blood is often present around 
the wound bed and likely contributes its own fibrin 
matrix to help seal the repair. Proper placement of the 
graft with tight packing for structural support is the 
most important aspect of the repair. We place multi¬ 
ple layers of gelfoam or other absorbable packing un¬ 
derneath the graft (Fig. 14.5). A removable finger cot 
can be placed under the packing material for addi¬ 
tional support. 


Adjuvant Treatment 
and Postoperative Care 


Lumbar drains are very useful in the repair of CSF 
leaks for a variety of reasons. Preoperative injection 
of intrathecal fluorescein can help identify the loca¬ 
tion of the CSF leak. In patients with spontaneous 
CSF leaks and possibly elevated intracranial pressure, 
they aid the placement of graft materials by tempo¬ 
rarily lowering that pressure. Increased pressure can 
occur postoperatively owing to overproduction of 
CSF in the absence of a release-valve mechanism. In¬ 
creased CSF pressure against a closed defect can dis¬ 
lodge the graft materials and lower the chance of suc¬ 
cess. Maintaining a lumbar drain in these individuals 
for 2-3 days postoperatively will increase the chance 
of successful repair. However, we have noticed no dif¬ 
ference in our success rates with immediate remov¬ 
al of lumbar drains in those individuals with normal 
CSF pressure. 

Acetazolamide is a carbonic anhydrase inhibitor 
diuretic that is a useful adjunct in patients with ele¬ 
vated CSF pressure. It decreases CSF production in 
these individuals and may decrease CSF leak recur¬ 
rence. We prescribe 500 mg of sustained-release ac¬ 
etazolamide administered twice daily. As with any 
diuretic, periodic electrolyte monitoring is absolute¬ 
ly necessary to correct imbalances that develop. Pa¬ 
tients who develop multiple CSF leaks in the presence 
of high intracranial pressure not alleviated by acet¬ 
azolamide should be referred to a neurosurgeon for 
the placement of a ventriculoperitoneal shunt. 



Fig. 14.5. Multiple layers of gelfoam are placed under the graft 
for support. Placement of a soft silastic stent (1 week) through 
the frontal sinusotomy to prevent placement of packing mate¬ 
rial in the frontal recess may be necessary 


Patients are limited to light activity for 6 weeks post¬ 
operatively. All patients are placed on a stool softener 
and are seen every 1-2 weeks postoperatively for a con¬ 
servative endoscopic debridement. Debridements are 
performed to maintain patency of the paranasal sinus¬ 
es on the side of the repair, avoid stasis of secretions, 
and help prevent bacterial infections. An antistaphy- 
lococcal antibiotic is appropriate until the finger cots 
are removed at the first postoperative visit, usually 5-7 
days after the surgical repair. Patients return to normal 
activity at around 6 weeks postoperatively. 



The underlying cause and pathogenesis of anteri¬ 
or skull base defects and CSF leaks greatly affects 
the subsequent repair. A thorough understand¬ 
ing of the management principles and treatment 
options available is important to achieve excel¬ 


lent outcomes. A careful preoperative evaluation 
and localization of the CSF leak will aid in the se¬ 
lection of the surgical approach and the options 
for skull base reconstruction. Meticulous opera¬ 
tive technique, appropriate adjuvant treatment, 
and thorough postoperative care ultimately gen¬ 
erate the most successful results. 
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Core Messages 


■ Frontal sinus fractures may be divided into 
those involving the anterior table and poste¬ 
rior table, with and without nasofrontal out¬ 
flow tract involvement. 

■ Options for surgical management of frontal 
sinus fractures include reduction and fixa¬ 
tion of anterior table fragments, frontal sinus 
obliteration and frontal sinus cranialization. 

■ With good technique, early and late compli¬ 
cations can be kept to a minimum. 
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Introduction 


Frontal sinus fractures offer significant challenges to 
surgeons and the treatment paradigm has been debat¬ 
ed for many years. Acute concerns include protection 
of intracranial structures, identification of associated 
injuries and control of cerebrospinal fluid (CSF) leak¬ 
age. The aesthetic forehead contour is an important 
consideration in repair. Past surgical modalities that 
removed the anterior bony frontal surface left life-long 
disfiguring defects and have been largely replaced by 
techniques that leave a smooth contour without visi¬ 
ble scars. Concerns about aesthetic deformity, how¬ 
ever, must yield to practices that will provide a “safe” 
sinus resistant to late complications. Long-term is¬ 
sues revolve around surveillance and management of 
late complications that can occur decades after the in¬ 
citing injury. Traditional treatment paradigms were 
conceived before the advent of modern endoscopic 
and advanced imaging techniques, and focus on open 
techniques for fracture reduction and sinus manage¬ 
ment. Newer modified algorithms incorporate these 
technologic advancements with improved functional 
and cosmetic results. 


Anatomy 


The frontal sinus is formed by pneumatization of an¬ 
terior ethmoid air cells into the frontal bone during 
the fourth fetal month. The sinus begins its predomi¬ 
nant phase of expansion from 5 years of age until ad¬ 
olescence, and is usually characterized by two asym¬ 
metric sinuses separated by a thin, bony septal plate. 
The frontal sinus often demonstrates variable pneu¬ 
matization, with 4-15% of people showing develop¬ 
mental failure of one of the sinuses. The frontal si¬ 
nus is in close proximity to several intracranial struc¬ 
tures. The posterior wall forms the anterior wall of the 
cranial vault, and the floor of the frontal sinus con¬ 
tributes to the anterior superior roof of the orbit. The 
skull base abutting the posterior aspect of the frontal 
sinus is the cribriform plate. The nasofrontal outflow 
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tract is an hour-glass-shaped structure that drains se¬ 
cretions from the frontal sinus mucosa into the fron¬ 
tal recess. The frontal recess is bounded by the ag¬ 
ger nasi anteriorly, the middle turbinate medially, the 
skull base posterosuperiorly, the ethmoid bulla pos- 
teroinferiorly, and the lamina papyracea laterally. The 
agger nasi cells are important landmarks for identi¬ 
fying this drainage tract. These cells are anterior eth¬ 
moid cells at the anterior aspect of the middle meatus 
that form the floor of the frontal sinus. To function¬ 
ally enlarge the natural frontal sinus ostium, the sur¬ 
geon must remove the posteromedial and superior 
walls of the agger nasi cell [6]. 


Tips and Pearls 

The frontal sinus fails to develop in 4-15% of 
people. 

The frontal sinus is in close proximity to sev¬ 
eral intracranial structures. 

The frontal sinus drains into the nasofrontal 
outflow tract, which is bounded by the agger 
nasi anteriorly, an important surgical land¬ 
mark. 


Epidemiology 


Frontal sinus fractures are rare and occur in only 5- 
12% of maxillofacial traumas [16,27,28]. A study con¬ 
ducted at four separate level 1 trauma centers includ¬ 
ing 892 patients demonstrated that in patients with 
frontal sinus fractures the median age is 32 years and 
88% are male [26], Approximately 58% of frontal si¬ 
nus fractures are associated with other facial trauma, 
including nasoorbital ethmoid fractures (34%), zygo¬ 
maticomaxillary complex fractures (17%) and orbit¬ 
al wall fractures (27.5%) [12-14], Forty-three percent 
of all frontal sinus fractures are isolated anterior ta¬ 
ble fractures, 7% are isolated posterior table fractures 
and 49% are combined anterior and posterior table 
fractures. Motor vehicle accidents account for most 
fractures (62%), with assaults (12%) and falls (11%) 
also having a fairly high incidence. 

The extent of sinus pneumatization, direction of 
impact, and collision force influence the degree of in¬ 
jury. Nahum [33] reported the force required to frac¬ 
ture the frontal sinus to be 800-1600 lb, which is sig¬ 
nificantly higher than that of any other area of the 
skull. The forces required to produce frontal sinus 
fractures will often cause multiple craniofacial in¬ 
juries. Posterior table fractures indicate severe inju¬ 
ry and result in pneumocephalus in 25% of patients, 
CSF leak in 25% and extradural hematoma in 10% 
[14]. In addition, up to 59% of patients with frontal 
sinus trauma may present with concomitant orbital 
trauma [22, 35], 



The hallmark of frontal sinus fracture is frontal de¬ 
pression, often accompanied by forehead lacerations. 
A neurosurgical consultation is necessary if there is 
any concern for intracranial injury or suspicion of 
CSF leak [1], Fractures involving the supraorbital fo¬ 
ramen will result in hypoesthesia in the Vi distribu¬ 
tion. Often periorbital ecchymosis and edema is pres¬ 
ent. Abnormal vision or extraocular movement re¬ 
striction warrants an ophthalmologic evaluation. 

Although plain films have been used in the past to 
diagnose fractures of the frontal sinus, high-resolu¬ 
tion thin-cut computed tomography (CT) is essential 
to the diagnosis and treatment of frontal sinus inju¬ 
ries in the modern era (Fig. 15.1) [27]. In addition to 
the standard axial and coronal images, sagittal recon¬ 
structions of the paranasal sinuses can enhance vi¬ 
sualization of the nasofrontal outflow tract [20]. Al¬ 
though sagittal reformats can assist in further char¬ 
acterization of the drainage pathway (Fig. 15.2), their 
prognostic accuracy for eventual normal ventilation 
of the frontal sinus in the trauma setting is unknown. 
Certain findings on CT, such as nasoorbital ethmoid 
complex fractures and anterior skull base injury near 
the junction of the posterior table and the cribriform 
plate strongly suggest injury to the nasofrontal out¬ 
flow [17]. 


Tips and Pearls 

High-resolution thin-cut CT is essential to the 
diagnosis of frontal sinus injuries. 

Sagittal reconstructions of the paranasal si¬ 
nuses enhance visualization of the nasofrontal 
outflow tract. 


Current Management Techniques 


The main goals in the treatment of frontal sinus frac¬ 
tures are (1) protection of intracranial structures and 
control of CSF leakage, (2) prevention of late com¬ 
plications and (3) correction of aesthetic deformi¬ 
ty. Frontal sinus fractures can be classified into frac¬ 
tures of the anterior table or the posterior table with 
or without associated nasofrontal outflow tract inju¬ 
ry: 

1. Anterior table fracture 

(a) With or without displacement 

(b) With or without outflow tract injury 

2. Posterior table fracture 

(a) With or without displacement 

(b) With or without dural injury/CSF leak 

(c) With or without outflow tract injury 
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Fig. 15.1. Axial (a) and coronal (b) computed tomography bodies in the left frontal sinus in a patient who sustained a 
(CT) images demonstrating opacification and metallic foreign gunshot wound to the frontal sinus 


Fig. 15.2. Although not 
apparent in the axial view, 
the sagittal reformatted 
view demonstrates appar¬ 
ent anatomic patency of 
the frontal outflow tract 
despite blood and soft-tis- 



Displacement is defined as greater than one table 
width. Posterior table fractures commonly occur in 
combination with anterior table fractures, and are 
frequently associated with dural or intracranial inju¬ 
ry. Management of CSF leaks and dural tears will of¬ 
ten dictate acute treatment. Surgical intervention of 
this high-risk region must provide a “safe” sinus that 
will resist future infectious complications. 


Anterior Table Fractures 

Low-energy frontal sinus trauma results in isolated, 
nondisplaced anterior table fractures. The treatment 
options can be summarized as follows: 

1. Nondisplaced or minimally displaced: no treat¬ 
ment necessary 


2. Displaced: open reduction and internal fixation for 

cosmesis 

3. Involvement of the nasofrontal outflow tract 

(a) Open reduction and internal fixation of ante¬ 
rior table and osteoplastic flap with oblitera¬ 
tion 

(b) Outflow tract reconstruction (not highly rec¬ 
ommended) 

(c) Observation and medical management with 
future endoscopic ventilation if necessary 

The risk of mucosal entrapment and mucocele forma¬ 
tion in this type of fracture is low and the aesthet¬ 
ic deformity is generally minimal. Surgical interven¬ 
tion is therefore often avoidable. However, depressed 
fractures of the anterior table must be reduced and 
fixed. Care should be taken to prevent entrapment of 
the mucosa within the fracture line. Access to the de- 
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pressed bony fragments can often be gained using 
an overlying laceration. Alternatively, brow or cor¬ 
onal incisions provide adequate exposure and are 
well camouflaged by the eyebrows and hair. The 
use of titanium miniplates in frontal sinus fracture 
fixation is a durable method of repair and has a 
very low complication rate [18]. Titanium is a high 
strength, corrosion-resistant material with low tis¬ 
sue reactivity that produces minimal artifacts on 
MRI and CT scanning [21, 44], Recently, research 
has been directed at increasing the biointegration 
of titanium alloys using chemical and heat treat¬ 
ments [42], A bony precipitate strongly adheres to 
the heat-treated titanium substrate and promotes 
living bone bonding. 

Patients with isolated and minimally displaced an¬ 
terior table fractures may be addressed endoscopical- 
ly using a brow lift incision and subperiosteal dissec¬ 
tion [43]. To assist with fracture reduction and plate 
fixation, additional small stab incisions are made in 
the brow and along forehead mimetic lines [34], If ex¬ 
posure is suboptimal, the endoscopic approach can be 
converted to a traditional coronal incision. A study 
of endoscopic-assisted reduction of both simple and 
comminuted anterior table fractures found no com¬ 
plications at up to 28 months follow-up [3]. 

Repair of the comminuted anterior table requires 
additional fixation to restore the original contour. 
Titanium mesh is used to reapproximate and secure 
bone fragments. Infection rates with mesh implants 
are low [21], Large defects can be reconstructed using 
split calvarial grafts taken from the parietal calvari¬ 
um. If bone fragments within the sinus are of mod¬ 
erate size but contaminated, they are cleansed and 
soaked in povidone-iodine solution before further 
use [8, 32]; however, in the setting of extensive frag¬ 
mentation with gross contamination or infection, a 
better option may be to obliterate the sinus. 


Tips and Pearls 

Frontal sinus fractures depressed more than 
one table width must be reduced. 

Titanium miniplates are durable and are as¬ 
sociated with a very low complication rate. 
Comminuted anterior table repair requires 
titanium mesh to reapproximate bone frag¬ 
ments. 


Posterior Table Fractures 

Fractures of the posterior table commonly occur in 
conjunction with anterior table fractures and require 
a separate treatment algorithm. The treatment op¬ 
tions can be summarized as follows: 


Nondisplaced without CSF leak: observation 
Nondisplaced with CSF leak: conservative 
management of CSF leak with progression to 
sinus exploration if no resolution in 4-7 days 
Displaced (more than one table width): Sinus 
exploration, repair of dura, obliteration or 
cranialization depending on involvement of 
the posterior table 

Involvement of the nasofrontal outflow tract: 
obliteration or cranialization 


Most surgeons advocate observation in those pa¬ 
tients with uncomplicated (without nasofrontal out¬ 
flow tract involvement, CSF leak or dural exposure), 
nondisplaced posterior table fractures [11]; however, 
nondisplaced posterior table fractures that result in sig¬ 
nificant CSF leakage require immediate repair. In ad¬ 
dition, surgery is recommended for all displaced pos¬ 
terior table fractures (defined as displacement greater 
than one posterior table width) because the risk of du¬ 
ral injury is unacceptably high. Though direct dural re¬ 
pair may be considered in experienced hands, the ma¬ 
jority of these sinuses should be cranialized. 

Cranialization involves removal of the posterior 
table to create a common intracranial and frontal si¬ 
nus cavity. Typically a coronal incision is used and a 
bifrontal craniotomy is made to obtain wide expo¬ 
sure of the area. The frontal lobe is gently retract¬ 
ed to isolate the posterior table. The posterior wall 
of the frontal sinus is resected and the mucosa lin¬ 
ing the anterior wall is meticulously removed with a 
high-speed diamond burr to prevent mucocele for¬ 
mation. To separate the cranium from the nasal cav¬ 
ity, the nasofrontal outflow tracts are plugged us¬ 
ing autogenous material such as fat, bone or mus¬ 
cle plugs. In patients with extensive comminution or 
cribriform injury, a pericranial flap can be used to 
augment the skull base and dural repair. Large con¬ 
comitant defects of the anterior skull base and crib¬ 
riform area may necessitate reconstruction with cal¬ 
varial bone graft or titanium mesh in conjunction 
with an overlying pericranial flap. Anterior or pos¬ 
terior ethmoidectomies to remove traumatized cell 
partitions may be necessary to ensure sinonasal 
drainage to prevent cephalad infection. 


Tips and Pearls 

■ Nondisplaced posterior table fractures may be 
observed, but in those with CSF leaks or dis¬ 
placement more than one posterior table 
width, cranialization should be strongly con¬ 
sidered. 

Cranialization involves removal of the poste¬ 
rior table to create a common intracranial and 
frontal sinus cavity. 
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A pericranial flap can be used to augment the 
skull base and dural repair. 


Nasofrontal Outflow Tract Fractures 

For decades controversy has surrounded management 
of fractures that involve the nasofrontal outflow tract. 
Unrecognized injury to the outflow tract can occur 
in one third or more frontal sinus fractures and com¬ 
monly results in long-term sequelae [8, 27], Treat¬ 
ment options include reconstruction of the drainage 
system, obliteration of the sinus or observation with 
medical management. 

Prolonged stenting of the outflow tract has been 
advocated by Luce [24], but is associated with steno¬ 
sis and is considered by many to have an unacceptable 
failure rate (30%) [39], Alternatively, the Sewall-Boy- 
den reconstruction may be attempted, which involves 
enlarging the nasofrontal outflow tract and relining 
the tract with a septal mucoperiosteal flap. 

Most authors recommend obliteration of the sinus 
when injury to the nasofrontal outflow tract is sus¬ 
pected [14, 22, 27, 33, 35, 38] because this has tradi¬ 
tionally been considered the safer long-term option 
[46], Although most nasofrontal outflow tract recon¬ 
struction attempts have historically been plagued by 
stenosis, new endoscopic techniques may allow de¬ 
layed nasofrontal outflow tract recanalization (en¬ 
doscopic frontal sinusotomy) after a trial of medical 
management in highly selected patients (see “Endo¬ 
scopic Management”) [40]. 


Tips and Pearls 

Unrecognized injury to the outflow tract can 
occur in one third of frontal sinus fractures 
and results in long-term sequelae. 


Endoscopic Management 


Advances in endoscopic equipment and modern im¬ 
aging over the last two decades have allowed for an 
endoscopic treatment alternative to sinus ablation. 
Anterior table fractures involving the nasofrontal 
outflow tract have traditionally been treated by sinus 
obliteration. Historically, attempts at outflow tract re¬ 
construction have been disappointing secondary to 
stenosis and subsequent sinus obstruction [39], Re¬ 
cent endoscopic developments, however, may allow 
for delayed nasofrontal outflow tract recanalization 
through endoscopic frontal sinusotomy. A cohort of 
reliable and responsible patients may be offered sur¬ 
gery to restore the anterior table with expectant man- 
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Fig. 15.3. Modified treatment algorithm for highly selected 
patients 


agement of the outflow tract (Fig. 15.3). In these se¬ 
lect, responsible patients, a trial of medical manage¬ 
ment may be undertaken. It should be emphasized 
that only patients who will dependably return for fol¬ 
low up appointments and periodic CT scans should 
be considered for conservative management, as delay 
in the recognition of complications may result in life- 
threatening consequences. These patients are treated 
with a prolonged course of broad-spectrum antibiot¬ 
ics (4 weeks) and oral steroids if there are no medical 
contraindications. Serial sinus CT scans at 1, 2, 4 and 
6 months, and yearly thereafter are used to assess the 
frontal sinus for ventilation and restoration of muco¬ 
ciliary clearance [40], Individuals failing two courses 
of antibiotics or those who suffer an infectious com¬ 
plication are considered for an extended endoscop¬ 
ic frontal sinusotomy procedure, including either the 
extended endoscopic frontal sinusotomy (Draf type 
II) or the endoscopic modified Lothrop procedure 
(Draf type III or frontal sinus drill-out) [10]. Often 
these individuals require computer-assisted image 
guidance for the surgeon to safely proceed with sur¬ 
gery. If the frontal sinus should fail after endoscop¬ 
ic frontal sinusotomy, or if the patient wishes to fore- 
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go endoscopic treatments, the time-honored ablative 
procedures may be undertaken. 

In 2002, Smith et al. [40] reported a series of sev¬ 
en patients with displaced anterior table fractures and 
potential nasofrontal outflow tract injury by multi- 
planar CT scanning. Five of the seven patients expe¬ 
rienced spontaneous sinus ventilation with conser¬ 
vative treatment. The two patients that did not ven¬ 
tilate had concomitant nasoorbital ethmoid fractures 
and were successfully treated with endoscopic frontal 
sinus surgery with 2 years follow-up. Chandra et al. 
[2] confirmed these findings in patients who present¬ 
ed with complications several years after conservative 
management of frontal sinus fractures. These compli¬ 
cations included mucoceles in nine patients, chron¬ 
ic sinusitis in three patients and osteomyelitis in one 
patient. All patients underwent endoscopic frontal si¬ 
nusotomy with image guidance and had no evidence 
of disease up to 3 years postoperatively. In experi¬ 
enced hands, the combination of medical therapy and 
endoscopic sinusotomy appears to be a safe and effec¬ 
tive alternative to traditional ablative procedures. 


Tips and Pearls 

Recent endoscopic developments allow for de¬ 
layed nasofrontal outflow tract recanalization 
through endoscopic frontal sinusotomy. 
Reliable patients with outflow tract injuries 
may be managed expectantly. 

Responsible patients with nasofrontal out¬ 
flow tract injury are treated with a prolonged 
course of antibiotics and oral steroids. 

■ Serial sinus CT scans are used to assess the 
frontal sinus for ventilation. 

If the frontal sinus fails to ventilate or if the 
patient wishes to forego endoscopic treat¬ 
ments, the time-honored procedures may be 
undertaken. 


Obliteration 


The most common method of frontal sinus obliter¬ 
ation today is the osteoplastic flap procedure. This 
method exposes the interior of the frontal sinus by 
elevating a flap of the anterior table hinged interior¬ 
ly on pericranium (osteoplastic flap) [15], The muco¬ 
sa of the frontal sinus is removed with a burr, and the 
duct is plugged with one of several different materials 
and sealed with fibrin glue. The ducts may be obdu- 
rated with autogenous bone graft, temporalis muscle 
plugs [15, 24] or pericranial or galeal flaps [25], Com¬ 
plications of remucosalization and mucocele forma¬ 
tion are reduced when the nasofrontal duct mucosa is 
inverted into the nasal cavity [50]. The demucosalized 
sinus space is then obliterated with a choice of sever¬ 


al materials to promote osteoneogenesis (see discus¬ 
sion below) [45] and the osteoplastic flap is then re¬ 
duced and fixated. 

A great deal has been written about the ideal fron¬ 
tal sinus obliteration material. Samoilenko discov¬ 
ered that the frontal sinus cavity becomes filled with 
serous fluid and is later replaced by osseofibrous in¬ 
growth, a process termed osteoneogenesis. It is now 
commonplace to fill the denuded frontal space in or¬ 
der to provide a matrix that encourages osteoneo¬ 
genesis. Numerous autogenous graft materials, in¬ 
cluding fat, pericranial fascia, muscle, cancellous 
bone and lyophilized cartilage, have been successful¬ 
ly used [36, 37], Abdominal fat graft is the most com¬ 
monly used material because it is autogenous, easi¬ 
ly obtainable at the time of surgery and efficacious 
with a low complication rate [15], Studies using MRI 
to follow patients treated with osteoplastic flap sinus 
obliteration using adipose revealed a mucocele re¬ 
currence rate of approximately 10% [19, 23, 48]. In 
1963, Montgomery [31] questioned the ability of the 
fat graft to persist in a bony cavity. In a cat model, 
he reported that a variable amount of fat persisted 1 
year after implantation and that the amount of fibro¬ 
sis or osteoneogenesis was negligible. The clinical re¬ 
sult appears to be independent of the viability of the 
implanted fat [49], 

Recently, alloplastic materials such as hydroxyapa¬ 
tite, cellulose, silicone and methyl methacrylate have 
also found use in frontal sinus obliteration. Hydroxy¬ 
apatite cement is perhaps the most promising allo¬ 
plastic material used for this purpose and has been 
shown to be effective, with no reported complications 
at a range of follow-up from 1 to 54 months [4, 41], 
The multitude of materials for sinus obliteration at¬ 
tests to the fact that all have been used with some suc¬ 
cess. Indeed, the material placed in the sinus is not as 
important as the steps used to prepare the sinus cavi¬ 
ty with the graft [30], 

Although obliteration has been touted as the gold 
standard and safest method to treat the injured fron¬ 
tal sinus, there are many disadvantages, including fa¬ 
cial scarring, frontal bone embossment, frontal neu¬ 
ralgia due to surgical injury of the supraorbital and 
supratrochlear sensory nerves, and donor site mor¬ 
bidity. In addition, the loss of physiologic ventilation 
of the sinuses hampers the use of radiographic studies 
in the evaluation of sinus disease. Patients may also 
complain of chronic frontal headache, which presents 
a diagnostic dilemma owing to limitations in radio- 
graphic evaluation of the sinus. Patients undergoing 
osteoplastic flap with autogenous adipose tissue oblit¬ 
eration display partial replacement of the fat graft 
with soft tissue (granulation and fibrosis) in most cas¬ 
es, and there are no consistent MRI features to distin¬ 
guish recurrent sinusitis or early mucopyocele forma¬ 
tion from expected adipose graft remodeling [23]. 
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Tips and Pearls 

To avoid the late complication of mucocele for¬ 
mation, the sinus mucosa must be meticulous 
ly removed. 

HI It is equally important to invert the nasofron¬ 
tal duct mucosa into the nasal cavity. 

Although abdominal fat is commonly used 
today, numerous graft materials, including 
pericranial fascia, muscle, cancellous bone, ly- 
ophilized cartilage, hydroxyapatite, cellulose, 
silicone and methyl methacrylate, have been 
successfully used. 



The early complications occurring within the first few 
weeks include forehead pain, numbness and incision¬ 
al tenderness [29, 51]. A CSF leak occurs in the early 
postoperative period in 3-10% of patients [5, 8, 9, 25, 
47], Clinically, CSF has a distinctively salty taste and 
if mixed with blood will form a “halo” when placed 
on absorbent cloth owing to the higher protein con¬ 
tent [45], Biochemical analysis of the fluid reveal¬ 
ing (32-transferrin confirms the diagnosis. Most CSF 
leaks will resolve with conservative management of 
antibiotics and a lumbar drain. If the leak persists, an 
exploratory surgery is warranted to prevent meningi¬ 
tis. Gerbino et al. [14] reported on two patients who 
suffered fatal meningitis in the immediate postoper¬ 
ative period. It is critical to recognize and treat this 
complication promptly. 

Late complications occur months to years after the 
initial operation and include chronic sinusitis, osteo¬ 
myelitis, subdural empyema, meningitis and muco¬ 
celes. Mucoceles are encapsulated collections of mu¬ 
cus that cause bony erosion and remodeling as they 
enlarge. They can erode into the nasal sinuses, orbit, 
and soft tissue of the forehead or even the anterior 
cranial fossa. They are generally asymptomatic until 
they are extensive and involving surrounding struc¬ 
tures. Xie et al. [51] described their experience with 
frontal sinus trauma over a 30-year period. The au¬ 
thors found the rate of mucocele formation to be the 
highest when anterior table (6%), posterior table (14%) 
and both anterior and posterior table (11%) without 
evidence of outflow tract injury were treated by ob¬ 
servation. Chronic headache is also a common com¬ 
plaint after frontal sinus surgery [12], A retrospective 
study of 11 patients who underwent cranialization for 
posterior table fractures demonstrated no major com¬ 
plications, but three of the 11 patients complained of 
headache [7]. 


Case Reports 


Case 1 


A 22-year-old woman presented following a motor ve¬ 
hicle crash in which she sustained an open, displaced 
anterior table frontal sinus fracture with associat¬ 
ed nasoorbital ethmoid fracture. Fine-cut CT dem¬ 
onstrated these fractures and was highly suspicious 
for frontal sinus outflow tract fracture (Fig. 15.2). The 
patient underwent open reduction and internal fixa¬ 
tion of the frontal sinus and NOE fractures using a 
forehead laceration for exposure. There was extensive 
comminution of the anterior table with small areas 
of bone loss. The bone fragments were meticulous¬ 
ly reduced and fixated with miniplates. She was dis¬ 
charged home with a 4-week course of broad-spec¬ 
trum antibiotics, nasal spray and close follow-up. 

At the 4-week follow-up visit, she described pres¬ 
sure over the frontal region. Follow-up CT demon¬ 
strated opacification of the frontal sinuses with ev¬ 
idence of frontal outflow obstruction. Endoscopic 
evaluation revealed no purulence or significant in¬ 
flammation in the middle meatus. Topical nasal ste¬ 
roid spray, prednisone taper and empiric antibiot¬ 
ic treatment was initiated for an additional 4 weeks. 
Follow-up CT demonstrated no improvement. 

The patient was prepared for endoscopic frontal 
sinus surgery. High-resolution thin-cut multiplanar 
CT scanning was repeated to enable use of computer 
guidance. A modified endoscopic Lothrop procedure 
was performed (Fig. 15.4). Clinical follow-up with 
endoscopic examination and debridement was per¬ 
formed at day 6, day 13, and then weekly for 6 weeks. 
Medical therapy was maximized during the initial 6- 
week postoperative period, which included nasal sa¬ 
line irrigations, topical nasal steroid sprays, perioper¬ 
ative tapering dose of prednisone and culture-direct¬ 
ed antibiotics. Endoscopic examination at 6 months 
revealed a widely patent nasofrontal communication. 
At 2 years follow-up, CT demonstrated excellent ven¬ 
tilation of the sinus with return of mucociliary clear¬ 
ance (Fig. 15.5). At 5 years follow-up, no clinical evi¬ 
dence of frontal disease is apparent. 


Case 2 


A 58-year-old man presented to the trauma center af¬ 
ter sustaining massive head trauma in a motor vehi¬ 
cle accident. His injuries included a left comminut¬ 
ed depressed frontal bone and frontal sinus fractures 
with comminution of the left posterior table into the 
frontal lobe of the brain with associated intracerebral 
hemorrhage. He also had associated anterior cranial 
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Fig. 15.4. Intraoperative view of the right frontal sinusotomy rior table fracture can be seen penetrating the anterior wall of 
(with retained secretions) and the completed modified Lothrop the frontal sinus 
procedure. The tips of the screws used in fixation of the ante- 
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fossa fractures of the left supraorbit and left ethmoid 
roof. At presentation, this patient was noted to have 
CSF which was emanating from the nostrils. 

Once stabilized, the patient underwent a bilat¬ 
eral frontal sinus cranialization and skull base re¬ 
construction for repair of his injuries. After bifron- 
tal craniotomy using a standard coronal incision by 
the neurosurgical team, a 1.5 cm x 2 cm dural tear in 
the region of the midethmoid roof on the left side was 
identified and repaired in a watertight manner. A sig¬ 
nificant comminution of the left anterior cranial fossa 
was discovered in the posterior table of the left fron¬ 
tal sinus as well as in the left anterior and posterior 
ethmoid roofs (Fig. 15.6). A left partial ethmoidecto- 
my was performed to ensure sinonasal drainage. The 
fractures had violated the frontal intrasinus septum, 
and therefore a bilateral frontal sinus cranialization 
was undertaken. The contiguous left cranialized fron¬ 
tal sinus and ethmoid defects resulted in a 2 cm x 5 
cm skull base defect, which was repaired using onlay 


titanium mesh followed by a pericranial flap and fi¬ 
brin glue over the entirety of the bilaterally cranial¬ 
ized frontal sinus and left ethmoid roof defect. Next, 
the comminuted fragments of the frontal bone and 
anterior frontal sinus were reapproximated and fixat¬ 
ed using titanium metal plates. 

The patient did well postoperatively and was dis¬ 
charged on postoperative day 18. After 8 months, CT 
of the sinuses reveals an intact anterior skull base re¬ 
construction with good ventilation of the remaining 
left ethmoid cells. 


References 


1. Adkins, W.Y., R.D. Cassone, and F.J. Putney, (1979) Soli¬ 
tary frontal sinus fracture. Laryngoscope 89(7 Pt 1): p. 
1099-104. 

2. Chandra, R.K., D.W. Kennedy, and J.N. Palmer, (2004) En¬ 
doscopic management of failed frontal sinus obliteration. 
Am J Rhinol 18(5): p. 279-84. 






The Management of Frontal Sinus Fractures Chapter 


157 



Fig. 15.6. a-d Preoperative frontal, axial, coronal, and sag¬ 
ittal views, e-h Postoperative frontal, posterior, coronal, and 
sagittal views. Note significant comminution of the left ante¬ 
rior skull base and ethmoid roof in association with left frontal 


3. Chen, D.J., et al„ (2003) Endoscopically assisted repair of 
frontal sinus fracture. J Trauma 55(2): p. 378-82. 

4. Chen, T.M., et al., (2004) Reconstruction of post-traumatic 
frontal-bone depression using hydroxyapatite cement. Ann 
Plast Surg 52(3): p. 303-8; discussion 309. 

5. Correa, A.J., et al., (1999) Osteoplastic flap for oblitera¬ 
tion of the frontal sinus: five years’ experience. Otolaryngol 
Head Neck Surg 121(6): p. 731-5. 

6. Davis, W.E., J. Templer, and D.S. Parsons, (1996) Anatomy 
of the paranasal sinuses. Otolaryngol Clin North Am 29(1): 
p. 57-74. 

7. Day, T.A., et al., (1998) Management of frontal sinus frac¬ 
tures with posterior table involvement: a retrospective study. 
J Craniomaxillofac Trauma 4(3): p. 6-9. 

8. Donald, P.J., (1982) Frontal sinus ablation by cranializa- 
tion. Report of 21 cases. Arch Otolaryngol 108(3): p. 142- 
6. 

9. Donald, P.J. and L. Bernstein, (1978) Compound frontal si¬ 
nus injuries with intracranial penetration. Laryngoscope 
88(2 Pt 1): p. 225-32. 

10. Draf, W„ (1991) Endonasal micro-endoscopic frontal sinus 
surgery: the Fulda concept. Op Tech Otolaryngol Head 
Neck Surg. Vol. 2.234-240. 

11. Duvall, A.J., 3rd, et al., )1987) Frontal sinus fractures. 
Analysis of treatment results. Arch Otolaryngol Head Neck 
Surg 113(9): p. 933-5. 

12. El Khatib, K„ A. Danino, and G. Malka, (2004) The frontal 
sinus: a culprit or a victim? A review of 40 cases. J Cranio¬ 
maxillofac Surg 32(5): p. 314-7. 

13. Gabrielli, M.F., et al., (2004) Immediate reconstruction of 
frontal sinus fractures: review of 26 cases. J Oral Maxillofac 
Surg 62(5): p. 582-6. 

14. Gerbino, G„ et al., (2000) Analysis of 158 frontal sinus frac¬ 
tures: current surgical management and complications. J 
Craniomaxillofac Surg 28(3): p. 133-9. 


sinus fractures of the anterior and posterior tables. After bi¬ 
lateral frontal sinus cranialization and left partial ethmoidec- 
tomy, reconstruction was achieved with titanium mesh and a 
pericranial flap 


15. Goodale, R.L. and W.W. Montgomery, (1958) Experiences 
with the osteoplastic anterior wall approach to the frontal 
sinus; case histories and recommendations. AMA Arch 
Otolaryngol 68(3): p. 271-83. 

16. Gonty, A.A., R.D. Marciani, and D.C. Adornato, (1999) 
Management of frontal sinus fractures: a review of 33 cases. 
J Oral Maxillofac Surg 57(4): p. 372-9; discussion 380-1. 

17. Harris, L., G.D. Marano, and D. McCorkle, (1987) Naso¬ 
frontal duct: CT in frontal sinus trauma. Radiology 165(1): 
p. 195-8. 

18. Islamoglu, K„ et al., (2002) Complications and removal 
rates of miniplates and screws used for maxillofacial frac¬ 
tures. Ann Plast Surg 48(3): p. 265-8. 

19. Keerl, R„ et al., (1995) Magnetic resonance imaging after 
frontal sinus surgery with fat obliteration. J Laryngol Otol 
109(11): p. 1115-9. 

20. Kim, K.S., et al., (2001) Surgical anatomy of the nasofrontal 
duct: anatomical and computed tomographic analysis. La¬ 
ryngoscope 111(4 Pt 1): p. 603-8. 

21. Lakhani, R.S., et al„ (2001) Titanium mesh repair of the 
severely comminuted frontal sinus fracture. Arch Otolar¬ 
yngol Head Neck Surg 127(6): p. 665-9. 

22. Levine, S.B., et al., (1986) Evaluation and treatment of 
frontal sinus fractures. Otolaryngol Head Neck Surg 95(1): 
p. 19-22. 

23. Loevner, L.A., et al., (1995) MR evaluation of frontal sinus 
osteoplastic flaps with autogenous fat grafts. AJNR Am J 
Neuroradiol 16(8): p. 1721-6. 

24. Luce, E.A., (1987) Frontal sinus fractures: guidelines to 
management. Plast Reconstr Surg 80(4): p. 500-10. 

25. Manolidis, S„ (2004) Frontal sinus injuries: associated in¬ 
juries and surgical management of 93patients. J Oral Max¬ 
illofac Surg 62(7): p. 882-91. 

26. Martin, M., et al„ The Influence of Hospital- and Patient- 
Level Characteristics on Outcomes of Frontal Sinus Frac- 







158 


Andrew A. Winkler et al. 


ture Treatment: A Multi-Institutional Study of892 Frontal 
Sinus Fractures. Presented at the 84th Annual Meeting of 
the American Association of Plastic Surgeons. Scottsdale, 
AZ, 2005. 

27. May, M„ J.H. Ogura, and V. Schramm, (1970) Nasofrontal 
duct in frontal sinus fractures. Arch Otolaryngol 92(6): p. 
534-8. 

28. McGraw-Wall, B„ (1998) Frontal sinus fractures. Facial 
Plast Surg 14(1): p. 59-66. 

29. Mendians, A.E. and S.C. Marks, (1999) Outcome of frontal 
sinus obliteration. Laryngoscope 109(9): p. 1495-8. 

30. Mickel, T.J., R.J. Rohrich, and J.B. Robinson, Jr„ (1995)Fron- 
tal sinus obliteration: a comparison of fat, muscle, bone, 
and spontaneous osteoneogenesis in the cat model. Plast 
Reconstr Surg 95(3): p. 586-92. 

31. Montgomery, W.W., (1964) The Fate Of Adipose Implants 
In A Bony Cavity. Laryngoscope 74: p. 816-27. 

32. Nadell, J. and D.G. Kline, (1974) Primary reconstruction of 
depressed frontal skull fractures including those involving 
the sinus, orbit, and cribriform plate. J Neurosurg 41(2): p. 
200-7. 

33. Nahum, A.M., (1975) The biomechanics of maxillofacial 
trauma. Clin Plast Surg 2(1): p. 59-64. 

34. Onishi, K„ M. Osaki, and Y. Maruyama, (1998) Endoscop¬ 
ic osteosynthesis for frontal bone fracture. Ann Plast Surg 
40(6): p. 650-4. 

35. Rohrich, R.J. and L.H. Hollier, (1992) Management of 
frontal sinus fractures. Changing concepts. Clin Plast Surg 
19(1): p. 219-32. 

36. Rohrich, R.J. and T.J. Mickel, (1995) Frontal sinus oblitera¬ 
tion: in search of the ideal autogenous material. Plast Re¬ 
constr Surg 95(3): p. 580-5. 

37. Samoilenko, A., (1913) Obliteration post-operatoire des si¬ 
nus frontaux. Arch. Int. Laryngol 35: p. 337. 

38. Shockley, W.W., et al., (1988) Frontal sinus fractures: some 
problems and some solutions. Laryngoscope 98(1): p. 18- 
22 . 


39. Shumrick, K.A. and C.P. Smith, (1994) The use of cancel¬ 
lous bone for frontal sinus obliteration and reconstruction 
of frontal bony defects. Arch Otolaryngol Head Neck Surg 
120(9): p. 1003-9. 

40. Smith, T.L., et al„ (2002) Endoscopic management of the 
frontal recess in frontal sinus fractures: a shift in the para¬ 
digm? Laryngoscope 112(5): p. 784-90. 

41. Snyderman, C.H., et al„ (2001) Hydroxyapatite: an alter¬ 
native method of frontal sinus obliteration. Otolaryngol 
Clin North Am 34(1): p. 179-91. 

42. Spriano, S„ et al., (2005) New chemical treatment for bioac¬ 
tive titanium alloy with high corrosion resistance. J Mater 
Sci Mater Med 16(3): p. 203-11. 

43. Strong, E.B., G.M. Buchalter, and T.H. Moulthrop, (2003) 
Endoscopic repair of isolated anterior table frontal sinus 
fractures. Arch Facial Plast Surg 5(6): p. 514-21. 

44. Sullivan, P.K., J.F. Smith, and A.A. Rozzelle, (1994) Cra¬ 
nio-orbital reconstruction: safety and image quality of me¬ 
tallic implants on CT and MRI scanning. Plast Reconstr 
Surg 94(5): p. 589-96. 

45. Swinson, B.D., W. Jerjes, and G. Thompson, (2004) Cur¬ 
rent practice in the management of frontal sinus fractures. J 
Laryngol Otol 118(12): p. 927-32. 

46. Thaller, S.R. and P. Donald, (I994)1he use of pericranial 
flaps in frontal sinus fractures. Ann Plast Surg 32(3): p. 
284-7. 

47. Wallis, A. and P.J. Donald, (1988) Frontal sinus fractures: a 
review of 72 cases. Laryngoscope 98(6 Pt 1): p. 593-8. 

48. Weber, R„ et al., (1995) [Behavior of fatty tissue in frontal 
sinus obliteration], Laryngorhinootologie 74(7): p. 423-7. 

49. Weber, R„ et al., (1999) Obliteration of the frontal sinus- 
state of the art and reflections on new materials. Rhinology 
37(1): p. 1-15. 

50. Woods, R.R., (1995) Operation for chronic frontal sinusitis. 
AMA Arch Otolaryngol 61(1): p. 54-60. 

51. Xie, C„ et al., (2000) 30-year retrospective review of frontal 
sinus fractures: The Charity Hospital experience. J Cranio- 
maxillofac Trauma 6(1): p. 7-15; discussion 16-8. 


15 



Chapter 16 


Paranasal Sinus Mucoceles 

Benjamin Bleier, Satish Govindaraj, James N. Palmer 

16 


Core Messages 


The most common location of paranasal si¬ 
nus mucoceles is the frontal sinus. 

The incidence of intracranial extension of pa¬ 
ranasal sinus mucoceles is reported as high 
as 55%. 

The development of a mucocele results from 
retained mucus with loss of a normal sinus 
outflow tract. 

Although uncommon, sphenoid sinus muco¬ 
celes have the potential for catastrophic se¬ 
quelae owing to their close proximity to the 
internal carotid artery, optic nerves, and sel¬ 
la turcica. 

Marsupialization is an effective method of 
mucocele management as studies demon¬ 
strate essentially normal mucociliary trans¬ 
port mechanisms within previously marsu- 
pialized cavities. 

Current surgical management of these le¬ 
sions is largely dictated by the sinus involved 
and the degree of extrasinus extension noted 
on preoperative imaging. 

During endoscopic management of frontal 
sinus mucoceles, the first steps involve iden¬ 
tification of the medial orbital wall and skull 

Occasionally, during the surgical manage¬ 
ment of frontal mucoceles, clear, serous flu¬ 
id may be expressed from the mucocele cavi¬ 
ty which resembles cerebrospinal fluid (CSF). 
The key differentiating factor is that this flu¬ 
id should not flow continuously. This finding 
would be suspicious for a CSF leak. 
Mucoceles within the sphenoid sinus occur 
secondary to circumferential scarring of the 
sphenoid ostium as a result of chronic sinus¬ 
itis or postsurgical scarring. 


■ The initial step in the surgical management of 
sphenoid mucoceles involves the identification 
of the natural ostium of the sphenoid sinus when 
feasible. 

■ The differential diagnosis of isolated mucoceles 
along the ethmoid skull base includes the pres¬ 
ence of an encephalocele. 
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Introduction 


Paranasal sinus mucoceles represent an interesting 
clinical entity whose workup and management have 
evolved significantly in the past 30 years. Mucoceles 
typically occur as an indolent, expansile cyst contain¬ 
ing mucus lined with respiratory epithelium. These 
lesions may be locally destructive and may become 
infected, resulting in a mucopyocele. Classically, 
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these lesions were treated by complete surgical resec¬ 
tion often with obliteration of the involved sinus cav¬ 
ities. With the advent of transnasal endoscopic surgi¬ 
cal techniques, management of mucoceles has shifted 
towards more conservative drainage and marsupial¬ 
ization techniques which preserve native mucociliary 
function and have yielded excellent results. 


Epidemiology 


Mucoceles have no sex predilection and can occur at 
any age although most are diagnosed in patients be¬ 
tween the ages of 40 to 60 years old [1], Those occur¬ 
ring in children are usually idiopathic although many 
may be associated with cystic fibrosis and some au¬ 
thors have even advocated cystic fibrosis screening 
in any child found to have a mucocele [5, 7], While 
mucoceles can form within any sinus cavity, the first 
series of 14 patients noted the frontal sinus to be the 
most common location [12], This finding has been 
supported by subsequent larger series which report 
incidences of 60-90% in the frontal sinus and 8-30% 
within the ethmoid sinus. Mucoceles of the maxillary 
and sphenoid sinus are rare although some authors 
report an incidence of up to 5 and 10% respectively 
[1, 9,13], 

Local complications result from the expansile na¬ 
ture of these slow-growing lesions and include intra¬ 
orbital extension with eye displacement or frank pro¬ 
ptosis as well as skull base erosion. Incidence of intra¬ 
cranial extension has been reported as high as 55%, 
with half of the patients having a larger intracranial 
than sinus component [9], 

Secondary infection of the stagnant mucus with¬ 
in the cyst can also occur, resulting in a mucopyocele. 
This may lead to rapid expansion of the lesion with an 
increased incidence of local complications. 

Common culture isolates from mucopyoceles inclu¬ 
de: 


Staphylococcus aureus 

a-hemolytic streptococci 

Haemophilus influenzae 

Pseudomonas aeruginosa 

Anaerobes including Propionibacterium acnes, 

Prevotella, and Fusobacterium [3, 5] 


Pathophysiology 


The rationale for the current management of mucoceles 
may be derived from an understanding of the patho¬ 
physiology of this disease. Studies by Lund et al. dem¬ 


onstrated that the mucocele lining is composed of nor¬ 
mal respiratory mucosa, namely, ciliated pseudostrati- 
fied columnar epithelium. Thus, the development of a 
mucocele can be extrapolated to an event resulting in 
retained mucus with loss of a normal outflow tract. One 
proposed mechanism implicates the cystic degenera¬ 
tion of a seromucinous gland with formation of a reten¬ 
tion cyst [2], Sinus outflow obstruction resulting from 
benign or malignant intranasal neoplasm may also con¬ 
tribute to mucocele formation. Iatrogenic mucocele for¬ 
mation was demonstrated in the setting of both exter¬ 
nal and endoscopic sinus surgery secondary to trapped 
mucosa or scarring of a paranasal sinus ostium. One se¬ 
ries reported a 9.3% incidence of frontal sinus muco¬ 
cele following osteoplastic flap [8], Other etiologic fac¬ 
tors include a history of chronic rhinosinusitis, allergic 
rhinitis, and previous maxillofacial trauma. 

Once formed, mucoceles may effect bony remodel¬ 
ing via an inflammatory cascade focused at the bone- 
mucocele interface. Inflammatory mediators includ¬ 
ing IL-1 and IL-2 as well as fibroblast-derived pros¬ 
taglandin E2 and collagenase act to promote bone 
resorption, which in conjunction with the mass effect 
of the lesion itself can result in local bony destruc¬ 
tion and displacement of adjacent soft-tissue struc¬ 
tures [14-16], 


Tips and Pearls 

Common causes of paranasal sinus mucoceles 
are chronic rhinosinusitis, prior sinus 
surgery (external or endoscopic), maxillofacial 
trauma, allergy, neoplasm, and idiopathic 


Presentation and Preoperative Evaluation 


Presentation 

The presentation of an enlarging mucocele is intrin¬ 
sically linked to its cause and location. The general 
symptoms patients present with echo those of any ob¬ 
structive abnormality within the sinonasal cavity and 
the extent of mucocele expansion. 

Symptoms associated with paranasal sinus muco¬ 
celes that patients present with include: 


Congestion 

Headache 

Rhinorrhea 

Pressure 

Eye pain 

Diplopia 

Decreased visual acuity 

Epiphora 

Proptosis 














Paranasal Sinus Mucoceles 

In severe cases, patients may present with: 


Exposure keratopathy and central retinal block 
secondary to profound exophthalmos [6] 
Forehead mass secondary to erosion of the 
anterior table 

Cerebrospinal fluid (CSF) leak or with menin¬ 
gitis secondary to posterior table erosion and 
subsequent intracranial extension 


Although uncommon, sphenoid sinus mucoceles have 
the potential for catastrophic sequelae owing to their 
close proximity to the internal carotid artery, optic 
nerves, and sella turcica. Many times these structures 
will be exposed after mucocele marsupialization. 


Preoperative Evaluation 

The diagnosis and preoperative evaluation relies pri¬ 
marily on history and physical examination coupled 
with radiographic evaluation. The aforementioned 
symptoms that patients present with along with na¬ 
sal endoscopy provide clues to the location and the 
extent of the mucocele. While plain films have been 
utilized in the past, computed tomography (CT) has 
become the modality of choice to evaluate these le¬ 
sions. Mucoceles appear as well-circumscribed cysts 
within the paranasal sinus with homogenous mu¬ 
coid contents whose attenuation increases with 
chronicity of the lesion secondary to increasing pro¬ 
tein content (10-40 HU). High-resolution images in 
both axial and coronal planes provide valuable in¬ 
formation regarding integrity of surrounding bony 
structural elements and help to plan surgical inter¬ 
vention. 

Magnetic resonance imaging (MRI) is also a use¬ 
ful adjunct when assessing intracranial extent or at¬ 
tempting to differentiate a mucocele from other sino- 
nasal soft-tissue findings such as neoplasm. In most 
situations, a mucocele will have low signal intensity 
on T1 and gadolinium-enhanced images while hav¬ 
ing high signal intensity on T2 imaging [13]. MRI 
findings, similar to those of CT, also will evolve as 
the protein content within the mucocele increases. In 
general, as the protein concentration increases (asso¬ 
ciated with an old or long-standing mucocele), T1 sig¬ 
nal intensity will increase and T2 intensity will de¬ 
crease to the point that the signal may drop out, caus¬ 
ing the reader to confuse these lesions for fungus or 
inspissated secretions. 
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Tips and Pearls 

Imaging characteristics of mucoceles: 

1. CT: 

(a) Well-circumscribed with homogenous 
mucoid content 

- New lesions 10-18 HU 

- Chronic lesions 20-40 HU 

(b) Expansion of surrounding hone 

(c) Bony dehiscence seen late 

(d) Evidence of prior trauma or chronic sinus¬ 
itis 

2. MRI: 

(a) Early 

- Tl-dark 

- T2-bright 

- Gadolinium enhanced-none 

(b) Late 

- Tl-bright 

- T2-dark or signal void 

- Gadolinium enhanced-none 


Tips and Pearls 

Preoperative evaluation checklist: 

1. Perform a complete history and physical ex¬ 
amination, including nasal endoscopy 

2. Obtain a high-resolution CT scan with axial 
and coronal cuts 

3. Carefully review the CT scan with specific at¬ 
tention to the site of involvement, the presence 
of bony erosion, and the degree of intraorbital 
and/or intracranial extension 

4. Obtain an MRI scan with any significant in¬ 
tracranial involvement or concern over sino- 
nasal neoplasm 


Surgical Technique 


The treatment of the paranasal sinus mucocele is pri¬ 
marily surgical. Traditionally, surgical intervention 
was directed towards effecting a complete resection 
of the lesion, which typically involved an open ap¬ 
proach such as a Lynch-Howarth frontoethmoidec- 
tomy or osteoplastic flap with subsequent sinus oblit¬ 
eration. These techniques were associated with sig¬ 
nificant morbidity and cosmetic deformity as well as 
a relatively high recurrence rate [17]. Marsupializa¬ 
tion is an effective method of mucocele management 
as studies demonstrate essentially normal mucocili¬ 
ary transport mechanisms within previously marsu- 
pialized cavities [11], In addition, with the advent of 
endoscopic surgery, transnasal approaches have been 
established as the procedure of choice for the man¬ 
agement of paranasal sinus mucoceles [10]. 
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Current surgical management of these lesions is 
largely dictated by the sinus involved and the degree 
of extrasinus extension noted on preoperative imag¬ 
ing. The use of stereotactic computer-assisted naviga¬ 
tion is determined on a case-by-case basis. In gener¬ 
al, those mucoceles that are present in revision cases 
or possess extrasinus extension may benefit from the 
use of image guidance. These systems are not a substi¬ 
tute for knowledge of the anatomy. 

General surgical principles include the use of gen¬ 
eral anesthesia, topical decongestion of the sinona- 
sal cavity with oxymetazoline-impregnated pledgets, 
and the local infiltration of 1% lidocaine with epi¬ 
nephrine at a concentration of 1:100,000 into the lat¬ 
eral nasal wall (at the anterior attachment of the mid¬ 
dle turbinate). In those cases involving the sphenoid 
sinus, a transoral or transnasal sphenopalatine artery 
injection may be formed. Multiple aspirations should 
be performed while injecting to ensure the absence of 
an intravascular injection, and a maximum of 1.5 ml 
of 1% lidocaine with epinephrine (1:100,000) should 
be used. 


Frontal Sinus 

The first steps involve identification of the medial or¬ 
bital wall and skull base. The medial orbital wall is 
identified first. A 0° endoscope is adequate to accom¬ 
plish this. In those cases with significant osteoneo- 
genesis of the medial orbital wall, drilling of the dis¬ 
eased bone is necessary to create an adequate ostium 
as well as to avoid dissection too medially and risk in¬ 
tracranial entry. One clue to medial orbital wall loca¬ 
tion is utilization of the maxillary sinus ostium as a 
reference point. The lamina papyracea will be in line 
with the medial wall of the maxillary sinus, so remov¬ 
al of residual bony partitions or removal of osteoneo- 
genic bone can be safely done to that level. 

The skull base is identified either in the posteri¬ 
or ethmoid cavity or within the sphenoid sinus. The 
use of a reverse 30° scope facilitates this portion of 
the procedure. The light cables exit the scope from 
above, so instruments can easily be passed from be¬ 
low without difficulty. Keys to this portion of the pro¬ 
cedure are palpating behind residual skull base bony 
partitions and working laterally. Through-cutting in¬ 
struments are used on the skull base to avoid undue 
torque on critical bony boundaries (i.e., fovea ethmo- 
idalis). This is done to the level of the frontal recess. At 
that point a more angled scope (45° or 70°) will be re¬ 
quired to perform an adequate frontal recess dissec¬ 
tion. Once again, reverse scopes are used to facilitate 
instrument passage. 

In cases of frontal sinus mucoceles, the cause of 
outflow obstruction is determined and dealt with ac¬ 


cordingly. In general, frontal recess obstruction is 
secondary to soft or hard tissue. Soft tissue can con¬ 
sist of polyps, edematous allergic mucosa, or epithe¬ 
lial benign or malignant tumors. This discussion will 
focus on nonneoplastic causes since the presence of 
tumor may alter the ultimate management and is be¬ 
yond the scope of this chapter. In cases of frontal re¬ 
cess stenosis from nonneoplastic soft tissue, through- 
cutting giraffe instruments or a curved microdebrid- 
er are used to remove only excess tissue and leave a 
fully mucosalized frontal recess. The key is mucosal 
preservation within the frontal recess, as mucosal vi¬ 
olation can convert a soft-tissue obstruction into a 
one that is bony. 

Hard-tissue obstruction consists of residual bony 
partitions within the frontal recess, the presence of 
osteoneogenesis obliterating frontal sinus outflow, 
or rarely the presence of a fibroosseous tumor. In 
cases where residual bony partitions are left behind, 
once again through-cutting instruments are utilized 
to preserve mucosa. In cases where these cell walls 
are too dense, gentle fracture of the segment with an 
angled curette in an anterior-lateral direction is per¬ 
formed, and then the fragment is teased away from 
overlying mucosa with giraffe forceps. Redundant 
mucosa may then be reduced with a microdebrid- 
er. The presence of osteoneogenesis is a problem that 
will require drilling and inevitable mucosal devital¬ 
ization. As a result, postoperative care must be dili¬ 
gent until this area is resurfaced with adjacent mu¬ 
cosa. A self-irrigating, angled drill is used. This por¬ 
tion of the procedure may require hours of drilling 
depending on the extent of new bone growth (Fig. 
16.1). Once the sac is entered, the mucocele is widely 
marsupialized using giraffe forceps. Careful dissec- 



Fig. 16.1. Note the degree of osteoneogenesis within the 
frontal recess which resulted in mucocele formation with sec¬ 
ondary erosion of the roof of the frontal sinus and orbit. This 
patient underwent successful endoscopic frontal sinusotomy 
using an angled drill to remove this osteitic bone without the 
need for an adjunctive open procedure 






Paranasal Sinus Mucoceles 

tion is imperative in those cases with posterior table 
or orbital roof dehiscence, where the mucocele lin¬ 
ing in these areas is not manipulated. Occasional¬ 
ly, clear, serous fluid may be expressed from the mu¬ 
cocele cavity which resembles CSF (Fig. 16.2, Video 
16.1). The key differentiating factor is that this fluid 
should not flow continuously. This finding would be 
suspicious for a CSF leak. 

The mucocele cavity is completely suctioned and 
cultured. A frontal sinus stent formulated from silas- 



Fig. 16.2. Note the serous drainage draining from the right 
frontal sinus after removal of an obstructing neoplasm. This 
fluid can easily be misconstrued as cerebrospinal fluid, and is 
secondary to marked hypersecretion from the mucosa of the 
mucocele. Video 16.1 demonstrates this phenomenon 
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tic sheeting may be inserted at the conclusion of the 
procedure. This is kept in place for 1 week, and it is im¬ 
portant to note if the surgeon decides to use stenting, 
it should be made from a soft, conformable material 
and be removed within 2-4 weeks to prevent biofilm 
formation on the stent itself, as it might create a nidus 
for inflammation. Figure 16.3 demonstrates a patient 
after marsupialization of a frontal sinus mucocele. 


Tips and Pearls 

Early identification of the medial orbital wall 
and then the skull base 

■ Mucosal preservation within the frontal recess 

■ Self-irrigating drill reserved for cases with 
osteoneogenesis 

Short-term stenting of frontal sinus ostium 


Sphenoid Sinus 


Mucoceles within the sphenoid sinus occur secondary 
to circumferential scarring of the sphenoid ostium as 
a result of chronic sinusitis or postsurgical scarring. 
Obstruction to sinus outflow may also be the result 
of extrinsic tumors or polyps. Rarely, fibroosseous 
tumors such as fibrous dysplasia can lead to second¬ 
ary development of sphenoid mucoceles (Fig. 16.4). In 
these cases, marsupialization of a sphenoid mucocele 
will require either subtotal or complete resection of 
the obstructing tumor and then enlargement of the 
sphenoid ostium (Video 16.2). If circumferential scar¬ 
ring is the underlying cause, the use of a self-irrigat¬ 
ing diamond burr drill may be needed to remove os- 
teoneogenic bone. 



Fig. 16.3. a Preoperative computed tomography (CT) scan of recess and mucocele evacuation. Note the return of the orbit to 

a patient with a left frontal sinus mucocele eroding into the its anatomic position 
orbit, b Postoperative CT scan showing a wide-open frontal 
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Fig. 16.4. a Axial noncontrast CT image demonstrating a cele of the sphenoid sinus. The bone over the carotid arteries is 
large right sinonasal fibroosseous tumor with ground-glass intact on this view, b MRI (T2) demonstrating a postobstruc- 
appearance. Posterior to the tumor is a mass with decreased tive mucocele within the sphenoid sinus. The high-signal in¬ 
attenuation within the sphenoid sinus. This represents a muco- tensity represents an early mucocele with low protein content 



Fig. 16.5. Postoperative endoscopic view into the right sphe¬ 
noid sinus of the patient shown in Fig. 16.3 demonstrating 
complete exposure of the right optic nerve and internal carotid 
artery. The suction lies within the opticocarotid recess. This pa¬ 
tient did not have a cerebrospinal fluid leak. Video 16.2 shows 
resection of the tumor and drainage of the sphenoid mucocele 


The initial step calls for identification of the natural 
ostium of the sphenoid sinus when feasible. If circum¬ 
ferential scarring has occurred and an ostium is not 
visualized, careful palpation with an image-guidance 
straight suction or a J curette may permit initial entry 
into the sinus. At times, a self-irrigating drill will be 


necessary for entry. As with frontal sinus mucoceles, 
initial entry may result in the expression of thin, clear 
fluid that resembles CSF. There may even be a pulsa¬ 
tile evacuation of this fluid secondary to the pressure 
within the sinus. Once entry has been established, the 
superior and lateral walls are taken flush with the skull 
base and the medial orbital wall, respectively. A com¬ 
bination of a straight mushroom and a rotating sphe¬ 
noid punch does this quite nicely. The sinus is then ex¬ 
amined endoscopically using angled endoscopes to 
assess the presence of carotid artery, optic nerve, or 
brain parenchymal exposure (Fig. 16.5). 


Ethmoid Sinus 

The numerous bony partitions within the ethmoid si¬ 
nus are at risk of mucocele development in the post- 
surgical cavity as scarring and secondary obstruction 
may develop. In isolated mucoceles along the eth¬ 
moid skull base, another entity that should be enter¬ 
tained especially in patients with prior sinus surgery 
is an encephalocele (Fig. 16.6). Review of prior opera¬ 
tive reports should be performed to determine if there 
was any violation of the ethmoid roof. A MRI scan is 
recommended in the preoperative evaluation as well. 

Once the presence of a mucocele is confirmed, 
endoscopic marsupialization of these lesions is per¬ 
formed by initial entry into the lesion followed by re¬ 
moval of surrounding osteitic bony partitions. In cas¬ 
es where there is significant scarring along the eth- 
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Fig. 16.6. A patient who had prior left endoscopic surgery with 
a well-circumscribed lesion of the ethmoid skull base with low 
attenuation. MRI of this lesion demonstrated no intracranial 
communication and increased T2 signal intensity consistent 
with a mucocele. This lesion underwent endoscopic marsupi¬ 
alization 


tures, patients are placed on a culture-directed anti¬ 
biotic regimen, and consideration should be given for 
intravenous therapy. Patients are monitored postop- 
eratively until healing and reestablishment of normal 
mucociliary clearance pathways are complete. 


Results 


In 1989, Kennedy et al. reported a series of 18 patients 
treated with endoscopic marsupialization with a 0% 
recurrence at an 18-month average follow-up peri¬ 
od. This success was replicated in several subsequent 
studies and in 2000 Har-El [9] reported the largest se¬ 
ries to date of 103 patients with 108 paranasal sinus 
mucoceles with a 0.9% recurrence rate with a medi¬ 
an follow-up of 4.6 years. In this series, only one ma¬ 
jor complication was reported, and this consisted of a 
CSF leak in the setting of marsupialization of a large 
frontoethmoidal mucocele with intracranial exten¬ 


sion. 


moid roof, identification of the skull base may be 
difficult. In these cases, the skull base is identified 
within the sphenoid sinus at its lowest point, and is 
then skeletonized in a posterior to anterior direction. 
The dissection progresses to the region of the muco¬ 
cele. As mentioned earlier, the use of through-cutting 
instruments along the skull base cannot be empha¬ 
sized enough in order to avoid inadvertent skull base 
injury. 


Maxillary Sinus 

Maxillary mucoceles are approached endoscopicahy 
as well. Residual uncinate process is removed in order 
to identify the natural ostium. A wide maxillary an- 
trostomy is then created by resection of the posterior 
fontanelle flush with the posterior wall of the sinus. A 
30°, 45°, or 70° endoscope can assist in visualization 
into the sinus after entry into the sinus. 


Postoperative Care 


Postoperatively, packing is rarely required. Nasal sa¬ 
line irrigation and topical nasal steroids are critical in 
helping to clear the operative site of debris and main¬ 
tain patent ostia. Endoscopic debridements may be 
performed at 1,2, and 4 weeks after surgery to ensure 
a well-healed sinus ostium free of synechiae. In the 
setting of a mucopyocele or positive intranasal cul- 



Mucoceles of the paranasal sinus are benign, ex¬ 
pansile lesions which most often occur in the 
frontal and ethmoid sinus and can result in lo¬ 
cal bony destruction with subsequent intraor¬ 
bital and intracranial extension. Traditional open 
approaches with the goal of complete resection 
have been largely replaced by less morbid en¬ 
doscopic transnasal marsupialization techniques 
which have yielded excellent results in multiple 
reported series. 


Referem 


1. Arrue P, Thorn Kany M, Serrano E et al. (1998) Mucoceles 
of the paranasal sinuses: Uncommon location. J Laryngol 
Otol, 112:840-844 

2. Batsakis JG (1980) Tumours of the head and neck. Wil¬ 
liams and Wilkins, Baltimore 

3. Brook I, Frazier EH (2001) The microbiology of mucopyo¬ 
cele. Laryngoscope, 111:1771-1773 

4. Delfini R, Missori P, Ianetti G, Ciappetta P, Cantore G 
1993) Mucoceles of the paranasal sinuses with intracranial 
and intraorbital extension: report of 28 cases. Neurosur¬ 
gery, 32:901-906 

5. al-Dousary S, al-Kaharashi S (1996) Maxillary sinus mu¬ 
copyocele in children: a case report and review of litera¬ 
ture. Int I Pediatr Otol, 36:53-60 













166 Benjamin Bleier, Satish Govindaraj, James N. Palmer 


6. Garston JB (1968) Frontal sinus mucocele. Proc R Soc 
Med, 61:549-551 

7. Guttenplan MD, Wetmore RF (1989) Paranasal sinus mu¬ 
coceles in cystic fibrosis. Clin Pediatr, 28:429-430 

8. Hardy JM, Montgomery WW (1976) Osteoplastic frontal 
sinusotomy: An analysis of 250 operations. Ann Otol Rhi- 
nol Laryngol, 85:523-532 

9. Har-El G (2000) Endoscopic management of 108 sinus 
mucoceles. Laryngoscope, 111:2131-2143 

10. Har-El G (2001) Transnasal endoscopic management of 
frontal mucoceles. Otolaryngol Clin North Am, 34:243- 
251 

11. Har-El G (2000) Dimaio. Histologic and physiologic 
studies of marsupialized sinus mucoceles. J Otolaryngol, 
29:195-198 

12. Howarth, WG (1921) Mucocele and pyocele of the nasal 
accessory sinuses. Lancet, 2:744-746 


13. Lloyd G, Lund VJ, Savy L, Howard D (2000) Optimum im¬ 
aging for mucoceles. J Laryngol Otol, 114:233-236 

14. Lund VJ (1991) Fronto-ethmoidal mucoceles: a histopath¬ 
ologic analysis. J Laryngol Otol, 105:921-923 

15. Lund VJ, Harvey W, Meghji S, Harris M (1988) Prosta¬ 
glandin synthesis in the pathogenesis of fronto-ethmoidal 
mucoceles. Acta Otolaryngol, 106:145-151 

16. Lund VJ, Henderson B, Song Y (1993) Involvement of 
cytokines and vascular adhesion receptors in the pathol¬ 
ogy of fronto-ethmoidal mucoceles. Acta Otolaryngol, 
113:540-546 

17. Rubin JS, Lund VJ, Salmon B (1986) Frontoethmoidecto- 
my in the treatment of mucoceles. A neglected operation. 
Arch Otolaryngol Head Neck Surg, 112:434-436 


16 



17 


Chapter 17 


Endonasal Endoscopic 
Dacryocystorhinostomy 

Metin Onerci 


Core Messages 


■ Mucosal incision should avoid trauma to the 
neighboring mucosa such as turbinates, to 
prevent adhesions and scarring. 

■ The rhinostomy from the sac into the lateral 
nasal wall should be created at the correct lo¬ 
cation and with the correct size: 

■ Rhinostomy should be over 5-mm wide. 

■ A low rhinostomy may not bypass a midsac 
or upper-sac obstruction. 

■ A high rhinostomy leaves the nasolacrimal 
duct as a blind pouch which is not adequate¬ 
ly drained. Despite a patent anastomosis, re¬ 
tention produces sump syndrome. 

■ A larger rhinostomy removing enough bone 
(15 mm x 15 mm) may prevent sump syn¬ 
drome. 

■ The medial membranous sac wall should be 
removed adequately. Puncturing the medial 
membranous wall decreases the success rate. 

■ All bony speckles should be removed in or¬ 
der to avoid reclosure. 

■ The bone in the region of the lacrimal fossa 
may be thicker following a midfacial fracture 
owing to callus formation. 

■ The success rate is directly related to the ap¬ 
propriate technique - inadequate surgical 
training and the lack of proper instrumenta¬ 
tion decrease the success rate. 
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Introduction 


Epiphora is one of the most prevalent functional dis¬ 
abilities of the ocular system. Various techniques have 
been developed to treat lacrimal diseases, to eliminate 
the infection, and to reconstruct a functional drain¬ 
age pathway using very sophisticated instruments. 
The practice of lacrimal surgery has been done by an 
external approach for a long time. However the surgi¬ 
cal treatment is very closely related to the inside of the 
nose. The problem of endonasal approach was the dif¬ 
ficulty in visualizing the endonasal anatomy. The in¬ 
troduction of microscopes and endoscopes into med¬ 
icine opened the door to visualization of the interior 
of the nose, and endoscopic or microscopic endonasal 
lacrimal surgery has become more popular in recent 
times because of the many advantages [30], 

The advantages of the endonasal dacryocystorhinos¬ 
tomy procedure are: 


It preserves the lacrimal pumping function 
There is no external incision, with improved 
cosmesis 
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No hospital stay is necessary 

It allows one to operate under direct vision 

with minimal trauma 

It allows one to deal with paranasal sinuses in 
the same operation 

It allows for endoscopic postoperative evalua¬ 
tion for persistent or recurrent disease 


Surgical Anatomy 


The lacrimal sac is located in the fossa lacrimalis. The 
fossa lacrimalis lies in the medial orbital wall behind 
the orbital rim and is 15-mm high, 4-8-mm wide, 
and 2-mm deep. The lacrimal bone and the nasal pro¬ 
cess of the maxilla make the fossa. Rarely, the max¬ 
illa may form the entire lacrimal fossa. The anterior 
edge of the lacrimal fossa is the anterior lacrimal crest 
which is continuous with the inferior orbital rim. The 
anterior lacrimal crest is thick and protects the lac¬ 
rimal sac from trauma. The floor of the lacrimal fos¬ 
sa formed by the lacrimal bone is eggshell-thin (Fig. 
17.1); therefore it is easier to enter the lacrimal fossa 
through the lacrimal bone behind the suture line be¬ 
tween the lacrimal bone and the maxilla. The poste¬ 
rior edge of the lacrimal fossa is the posterior lacri¬ 
mal crest and terminates inferiorly at the opening of 
the nasolacrimal duct. The lacrimal fossa is adjacent 
to the middle meatus. In some cases, agger nasi eth¬ 
moid cells may extend under the fossa causing con¬ 
fusion during surgery, and removal of bone results in 
opening into the ethmoid cell rather than the lacri¬ 
mal fossa. The mucosal lacrimal sac is surrounded by 
a dense layer of fascia which is formed by medial can- 
thal tendon, orbicularis oculi muscle, and periorbita 
of the medial orbital wall. The lacrimal sac is a sep¬ 
arate compartment and when infected it cannot ex¬ 
pand into either the orbit or the face. Instead the lac¬ 
rimal fascia stays under extreme tension, resulting in 
severe pain [24] (Fig. 17.2). 

The nasolacrimal canal ostium opens into the in¬ 
ferior meatus under the inferior turbinate, approxi¬ 
mately 15 mm from the tip of the inferior turbinate 
and 30-35 mm from the external nares. The Hasner 
valve, which is a mucosal fold forming the medial 
wall of the membranous duct, functions as a one-way 
valve and prevents the reflux of air into the lacrimal 
drainage passages. 


Indications and Preoperative Evaluation 


Although the tear drainage system appears very sim¬ 
ple, draining the tears through the nasolacrimal sys¬ 
tem with the help of gravity is indeed an intricate pro- 



Fig. 17.1. Anterior (A) and posterior (B) lacrimal crest and 
lacrimal fossa 



Fig. 17.2. Left nasolacrimal duct obstruction with the lacri¬ 
mal sac dilated 


cess. Drainage of tears depends on the volume of tear 
production, eyelid position, pump mechanisms, anat¬ 
omy of the lacrimal system, gravity, and nasal air con¬ 
vection currents. 

The lacrimal drainage dysfunction can be due to 
anatomic obstruction, such as nasolacrimal duct fi¬ 
brosis, or physiologic dysfunction from a failure of 
functional mechanisms, such as lacrimal pump in¬ 
adequacy caused by poor orbicularis muscle tone; 
therefore, the diagnosis of the cause of epiphora is 
important. The following are diagnostic tests for 
epiphora: 














Endonasal Endoscopic Dacryocystorhinostomy 


Chapter 17 


169 



Fig. 17.3. A normal dacryocystogram demonstrating com¬ 
plete filling and evacuation of the lacrimal drainage system 
on the left and revealing obstruction at the lower end of the 
lacrimal sac on the right. Dacryocystography may be useful 
in demonstrating localized stricture, partial obstruction, lac¬ 
rimal diverticuli, fistulae, dacryoliths, extrinsic and intrinsic 
tumors of the lacrimal drainage system 


Fig. 17.4. Dacryoscintigraphy in a bilateral functioning naso¬ 
lacrimal system. Both lacrimal drainage systems fill normally, 
with tracer concentrated in the canaliculi, sac and duct. Dac¬ 
ryoscintigraphy may provide functional information about 
physiological function. 


Dye (fluorescein) disappearance test 

Primary Jones dye test (Jones I and Jones II) 

Lacrimal irrigation 

Ultrasonography 

Dacryocystography 

Radionuclide dacryoscintigraphy 

Computed tomography 

Computed tomography dacryocystography 

MRI 

Magnetic resonance dacryocystography 
Lacrimal endoscopy 


Although clinical evaluation of gross lacrimal function 
is not difficult and can be made on the basis of history, 
determination of the cause may be extremely difficult 
and requires a variety of diagnostic procedures [11]. 

The routine preoperative evaluation includes dac¬ 
ryoscintigraphy or dacryocystography. Dacryocystog¬ 
raphy is a safe, quick, and easy procedure using a ra¬ 
dio-opaque material. It is widely established for dem¬ 
onstration of stenosis. This procedure should not be 
performed in the presence of active dacryocystitis. The 
disadvantage of dacryocystography is that it provides 
restricted functional information as in dysfunction of 
the canalicular muscle pump, slight narrowing of the 
ductal lumen, and mucous membranes, since intuba¬ 
tion of canaliculi and active injection of the contrast 
material may overcome stenosis. Dacryoscintigraphy 
(Fig. 17.3) is also a simple noninvasive physiologic test. 


Limiting factors are methodologically inherent min¬ 
imal morphologic information and relatively large 
variations of normal transit times. Dacryocystogra¬ 
phy gives finer anatomic detail; however, dacryoscin¬ 
tigraphy (Fig. 17.4) is a more physiologic assessment 
since no instrumentation is necessary [18]. 


Surgical Techniqu* 


The surgical technique is demonstrated in Video 17.1. 
The indications and contraindications for surgery are: 

1. Indications 

(a) Distal obstruction of nasolacrimal system 

(b) Dacryocystorhinostomy failure 

(c) Mucocele of the lacrimal sac 

2. Contraindications 

(a) Benign or malignant lesion in the lacrimal sys¬ 
tem or the surrounding tissues 

(b) Children less than 1 year of age (obstruction 
should be treated by probing) 

(c) Active Wegener s granulomatosis 

(d) Canalicular obstruction 1 

(e) A functional sac 


1 If distal nasolacrimal obstruction is accompanied by cana¬ 
licular obstruction, surgery for proximal obstruction may be 
done together with DCR. 
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The surgical approaches to the nasolacrimal sac are: 

1. Endocanalicular 

(a) Lacrimal endoscopy 

(b) Balloon dacryocystoplasty 

(c) Endocanalicularlaser-assisteddacryocystorhi¬ 
nostomy 

2. Endonasal approach 

(a) Transseptal approach 

(b) Transnasal (classical) approach 

(c) Transnasal (endoscopic or microscopic) ap¬ 
proach 

(d) Endonasal laser-assisted dacryocystorhinosto¬ 
my 

3. Paranasal approach 

(a) Transantral approach 

(b) Paranasal approach 

4. External approach 

(a) Dacryoethmoidostomy 

(b) Falks operation 

(c) Toti operation 

(d) Modifications of Toti operations 

The following instruments are used: 

A punctual dilator and lacrimal probes of all sizes 

1. A Kerrison punch 

2. A Suction elevator 

3. A long-shanked nasal drill 

4. A 4-mm chisel (optional) 

5. Through-cutting forceps and other functional en¬ 
doscopic sinus surgery instruments 

6. Microscopic surgical instruments 

(a) Alligator forceps 

(b) Bellucci scissors 

(c) A canal knife 

(d) No. 6 ear suctions 

7. Microdebrider (optional) 


Endonasal Endoscopic 
or Microscopic Dacryocystorhinostomy 


This procedure can be done under local or general an¬ 
esthesia and on an outpatient basis [10], If it is done 
under general anesthesia, hypotensive anesthesia is 
preferred. The inside of the nose is decongested. The 
head is elevated by bringing the table 20° or 30° in 
a reverse Trendelenburg position. The mucosa ante¬ 
rior to the middle turbinate may be infiltrated with 
1 ml lidocaine with 1:100,000 adrenaline. The disad¬ 
vantage of this infiltration is that it may obscure the 
bulging of the nasolacrimal sac. It is important not to 
traumatize the nasal mucosa since bleeding prevents 
visualization. At this stage any septal deviation, con¬ 
cha bullosa, or paradoxical middle turbinate obstruct¬ 
ing the view must be corrected. Occasionally the head 
of the middle turbinate needs to be removed to expose 


the sac area. Chronic maxillary sinusitis or pansinus¬ 
itis should be addressed simultaneously by the same 
endonasal route [19,26, 27, 33]. 


Localization of the Lacrimal Sac and Duct 

The key initial landmark is the posterior border of 
the frontal process of the maxilla, which is usually 
identifiable as a ridge or an indentation into the na¬ 
sal airway just anterior to the middle turbinate [47]. 
This ridge extends from the highest point of the infe¬ 
rior turbinate upwards and ends immediately in front 
of the middle turbinate attachment. The nasolacri¬ 
mal duct and sac lie immediately lateral and posteri¬ 
or to this ridge. Superiorly the duct joins the sac half¬ 
way between the attachments of the middle and in¬ 
ferior turbinates. The superior border of the lacrimal 
sac is above the middle turbinate anterior attachment. 
The average position of the apex of the lacrimal sac is 
6.10±2.02 mm (range, 2-12) above the opercule of the 
middle turbinate [13], The anterior attachment of the 
uncinate process is at the junction of the lacrimal fos¬ 
sa and the orbital plate of the lacrimal bone (Fig. 17.5). 



Fig. 17.5. The nasolacrimal sac is always situated immediately 
anterior to the uncinate process and makes the uncinate pro¬ 
cess a good landmark in dacryocystorhinostomy operations. 
up uncinate process, eb ethmoid bulla, arrowheads the bulge 
over the nasal wall of the nasolacrimal sac and duct 
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It is important not to enter beyond this point in a lat¬ 
eral direction since it may cause orbital penetration 
[27]. A 20-gauge fiberoptic light pipe may also be used 
to identify the location of the sac and inserted into the 
lacrimal sac through either of the lacrimal canaliculi 
into contact with the medial wall of the lacrimal sac. 
The light is visualized endonasahy with a rigid endo¬ 
scope [34], 


Mucosal Incision 

A rectangular cut is made in the mucosa anterior to 
the middle turbinate and superior to the inferior tur¬ 
binate. Wong et al. [48] advise an oval cut 2 cm x 1 
cm into the mucosa. Indeed removal of nasal mucosa 
7-8 mm in diameter might be enough. A canal knife 
as used in ear surgery can be used for this procedure. 
Since bleeding mainly occurs from the edge of the cut 
mucosa, it is important to make a complete cut, and 
not to pull and tear the mucosa [34], After the cut is 
completed through the mucoperiosteum all the way 
down to the bone, the mucosa is elevated off the bone 
and removed or can be used as a posteriorly based 
flap. It does not appear to be necessary to apply special 
mucosal flaps [17]. If needed, through-cutting forceps 
may be used instead of Blakesley forceps to avoid tear¬ 
ing of the mucosa. Cautery may also be used to excise 
the mucosa. 


Bone Removal 

The medial side of the bone of the maxillary portion 
of the lacrimal fossa can be removed either from pos¬ 
terior to anterior or from anterior to posterior. Since 
it is thinner in the posterior part, it makes sense to 
start from posterior. However it is really challenging 
to remove the bone with conventional endoscopic si¬ 
nus instruments alone. There are currently no bone- 
removing instruments specifically designed for this 
location. Kerrison forceps or backbiting forceps may 
be used for this purpose [49], The surgeon may feel 
safer if he/she starts from the anteromedial part of the 
bony sac, identifies the sac, and continues posterior¬ 
ly. The use of a laser takes more time and may cause 
thermal injury. The laser can only ablate the much 
thinner lacrimal bone. Removal of part of the fron¬ 
tal process of the maxilla gives better access and visu¬ 
alization of the lacrimal sac, but a laser cannot ablate 
this thick bone. Drills specifically designed for intra¬ 
nasal use make it easier to remove the bone but may 
be associated with thermal injury and damage to sur¬ 
rounding mucosa. Drills may spray bone and blood 
and may obscure the endoscopic view, slowing down 
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the procedure [48], Use of cutting instruments, rather 
than drills or lasers, may reduce the degree of burn¬ 
ing; however, these instruments are as yet unavailable 
[12], A 4-mm chisel may be used to remove the bone. 
If the chisel is located correctly, less time is needed 
and the medial half of the bone is removed complete¬ 
ly [9], However, there is a learning curve and it needs 
skill in this surgery. If the chisel is placed too anteri¬ 
orly, the surgeon will encounter the thick maxillary 
bone, will cause bleeding and will be unable to re¬ 
move the bone. If the chisel is located too posterior¬ 
ly, there is the danger of sliding of the chisel and entry 
into the orbit. Ethmoid sinuses may be entered. The 
marked distinction between ethmoid and nasal mu¬ 
cosa (nasal mucosa is 2 or 3 times thicker than eth¬ 
moid sinus mucosa) may help location during surgery 
[38]. In approximately 8% of patients there is an agger 
nasi cell in this area. In such situations, it will be nec¬ 
essary to open the agger nasi cell up and go through it 
before going through the lateral wall and the lacrimal 
bone into the sac [35], Under endoscopic or micro¬ 
scopic control, the entire medial bony covering of the 
sac can be removed. In the case of interference from 
blood or secretions, a special suction irrigation hand 
piece may be attached to the endoscope [44], If a chis¬ 
el is used, attention should be given not to leave any 
bony fragments, since they may cause obstruction lat¬ 
er. Previously irradiated patients should be handled 
carefully owing to healing problems and anatomic 
derangements [8], 


How Big Should the Bony Osteotomy Be? 

Inadequate bone removal is a common cause of failure 
in dacryocystorhinostomy and it is important to de¬ 
cide how large the bony opening should be [47]. Wei- 
denbecher et al. [44] suggest removing the entire me¬ 
dial bony covering of the sac. Whittet et al. [47] insert 
a Leibrich lacrimal probe into the inferior canalicu¬ 
lus, direct it against the medial wall of the lacrimal sac 
in order to tent, and decide how much bone to remove 
after this procedure. They advocate leaving approxi¬ 
mately 5 mm free of bone around the canaliculus, es¬ 
pecially at the junction of attachment of the middle 
turbinate and the lateral nasal wall, a point that de¬ 
marcates the floor of the lacrimal fossa. Welham and 
Wulc [46] think that the ideal osteotomy should re¬ 
move all the bone between the medial wall of the sac 
and the nose. Thus, following dacryocystorhinosto¬ 
my, the sac and the duct should coexist as anatomic 
structures and be incorporated instead into the nose. 
Lindberg et al. [25] have shown that the healed osti¬ 
um does not remain as large as the initial bony open¬ 
ing. In their study, the healed intranasal ostium in 
successful cases measured 1-4 mm (average 1.4mm) 
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Fig. 17.6. The medial half of the bony nasolacrimal canal re¬ 
moved 


in diameter after the surgical bony opening ranging 
from 10 to 17 mm (average 11.75 mm) and a function¬ 
al result was achieved with a fistula of 6 mm 2 . No sta¬ 
tistical correlation was found between the size of the 
ostium at the surgery and after healing. Iliff removed 
a 10-mm diameter piece of bone with one failure out 
of 87 cases. The mean diameter of the healed ostium 
was 1.8 mm, representing an area only 2% of that of 
the initial anastomosis. So the aim is not to create a 
very large bony osteotomy, but a functioning osteoto¬ 
my of efficient size (Fig. 17.6). 

The sac should not be opened very high up with¬ 
out opening it interiorly in order to prevent sump 
syndrome. Preservation of as much mucosa as pos¬ 
sible will inhibit new bone formation and therefore 
the surrounding mucosa should not be disturbed. The 
bony osteotomy should be as big as the mucosal open¬ 
ing (7-10 mm) and the periosteum should be removed 
with mucosa (since new bone formation requires the 
presence of periosteum). 


Removal of the Medial Mucosal Wall 
of the Sac 


After the bone has been removed, the sac is identi¬ 
fied. The vascularized white color of the sac is charac¬ 
teristic and can easily be identified. A lacrimal probe 
may be used to identify the lacrimal sac. A lacrimal 
probe is passed through a canaliculus and directed 
medially into the obstructed sac. The tenting of me¬ 
dial sac wall by the probe is visualized endonasally. 
While it is tented by the lacrimal probe, the sac muco¬ 
sa is incised by a sickle knife. Mucopus, residual con¬ 
trast material may drain from the sac, or dacryoliths 
may be seen in the interior of the sac. Once the sac 


has been entered, the lacrimal probe may be seen. Us¬ 
ing Bellucci scissors, one can extend the incision and 
use through-cutting instruments to enlarge the in¬ 
tranasal opening. Blakesley forceps are not through- 
cutting and may tear the sac mucosa; for this reason, 
through-cutting forceps are preferred. A carbon di¬ 
oxide laser can also be used. As much of the medi¬ 
al wall of the sac should be removed as possible. Met- 
son [28] advises enlarging of intranasal opening to a 
diameter of approximately 10 mm, allowing free pas¬ 
sage of the lacrimal probes into the nose from both 
superior and inferior canaliculi. 

A silicone tube is placed through the upper and 
lower canaliculi into the nasal cavity, the ends of the 
tubing are grasped with forceps, guided out of the 
nose, and are tied and trimmed so that the knot lies 
within the nasal cavity. The tubing thus forms a con¬ 
tinuous loop, which passes through the intranasal os¬ 
tium and is unlikely to become dislodged [28]. The 
knot may be fixed by a suture or a vessel clip. Wong et 
al. [48] use a black silk suture to tie round the silicone 
tubes. According to Allen and Berlin [1] and Bartley 
[2], silk sutures can produce pyogenic and giant cell 
granulomas. Packing of the nose is unnecessary un¬ 
less bleeding is a problem. 


High and small rhinostomy may cause sump 
syndrome 


Is Silicone Tubing Necessary in All Cases? 

Silicone tubing may serve to dilate constricted pas¬ 
sages in patients with canalicular or common internal 
punctual stenosis and marks the site of the intrana¬ 
sal ostium [7], Kohn [21] believes that silicone tubing 
keeps the anterior and posterior flaps separate, and 
also discourages cicatricial closure of the bony osti¬ 
um. Some reports [1,22,32] give less favorable results 
when tubes are inserted. Allen and Berlin [1] believe 
intubation may be the reason for failure. Tubes may 
cause inflammation, granulation, and slit the cana¬ 
liculus. Silicone tubing may incite granulamatous in¬ 
flammation at the internal ostium, chronic infection, 
or canalicular laceration. Walland and Rose [41] did 
not find any difference in failure rates or inflamma¬ 
tion with or without silicone intubation. Bolger et al. 
[5] stated that silastic tubing or Merocel sponge may 
be a cause of failure. 

However insertion of silicone tubes is generally en¬ 
couraged [3], Snead et al. [37] showed that silicone in¬ 
tubation did not increase canalicular inflammation 
in animals. Walland and Rose [42] found no signif¬ 
icant difference in the rate of failure or soft-tissue in¬ 
fection between silicone intubated and nonintubat- 
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ed cases. Silicone intubation may be recommended in 
cases with canalicular stenosis, a small scarred lac¬ 
rimal sac, a tight upper nasal cavity, and in reoper¬ 
ations, and if the flaps of the lacrimal sac and nasal 
mucosa are not sutured. In other cases it is the sur¬ 
geons’ preference to use silicone tubes or not. 


How Long Should the Silicone 
Tubes Be Kept in Place? 


It is advised to keep silicone stents in place for 2- 
6 months; however, tubes kept in place for over 3 
months are associated with inflammation and gran¬ 
ulation. Wong et al. [48] and Weidenbecher et al. [44] 
advise removing the tubes in 6 weeks. El Guindy et al. 
[12] keep the tubes for only 2 months and recommend 
early removal (at 2 months) because silicone tubing 
may incite a granulomatous reaction. Hartikainen et 
al. [14] keep the tubes in place for 6 months. Hausler 
and Caversaccio [15] use the tubes for the long term 
and they have several cases where silicone tubes have 
been used for over 3 years without any complications. 
They even suggest leaving the tubes permanently in 
persistent cases and think that the silicone tubing 
produces a maximal dilatation of the canaliculi and a 
natural aspiration of tear liquid by capillary force. 


Mitomycin C 

Mitomycin C, an antiproliferative agent, which is 
widely used in pterygium excision and trabulectomy 
with favorable results, was also used to inhibit fibrous 
tissue growth and scarring at the osteotomy site and 
to decrease the failure rate. Cottonoids soaked with 
0.2 mg/ml mitomycin C are applied to the osteotomy 
site. Kao et al. [20] and Liao et al. [23] reported that 
mytomicin C improved success rates; Zilelioglu et al. 
[50] found no benefit in using mitomycin C. Use of 
mitomycin C needs further investigation. 


Revision Dacryocystorhinostomy 

Failure of dacryocystorhinostomy is attributable to a 
variety of causes. The majority of cases were found to 
be related to internal nasal problems. Endonasal en¬ 
doscopic or microscopic dacryocystorhinostomy is 
generally the preference of many authors in instanc¬ 
es of failed dacryocystorhinostomies. An endonasal 
approach allows the intranasal ostium to be opened 
in the presence of fibrosis from prior surgery. Un¬ 
der direct endoscopic or microscopic visualization, 
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the ostium can be enlarged and properly positioned 
to increase the likelihood of continued patency [28]. 
Adjacent deviated nasal septum, adhesions, and gran¬ 
ulomas can be addressed through an endonasal ap¬ 
proach. 


Complications 


Soft-tissue infection after open lacrimal surgery oc¬ 
curs in 8% of patients. It is reduced fivefold with rou¬ 
tine administration of antibiotics [42], Vardy and 
Rose [40] demonstrated that intraoperative or post¬ 
operative broad-spectrum antibiotics reduced the in¬ 
cidence of cellulitis after open primary lacrimal sur- 
gery. 

Tsirbas andMcNab [39] reported3.8%ofcaseswith 
secondary hemorrhage after dacryocystorhinostomy. 
The incidence of bleeding was higher in patients tak¬ 
ing nonsteroidal anti-inflammatory drugs (NSAID). 
Severe nasal hemorrhage requiring nasal packing was 
also reported [31,45], Orbital complications were also 
mentioned [36, 43], Prolapsed tubes, punctal widen¬ 
ing, corneal irritation, and intranasal discomfort are 
the complications related to silicone tubing [6], There 
are rare reports of cerebrospinal fluid leaks and men¬ 
ingitis [4,16, 29], 

The complications can be summarized as follows: 


Hemorrhage 

Soft-tissue infection may be prevented by post¬ 
operative antibiotics 
Intranasal adhesions 

Extensive nasofrontal drainage pathway ob¬ 
struction. Surgery in the frontal recess area 
owing to wrong localization of the sac may 
cause obstruction 

Orbital emphysema. The patients should not 
blow the nose for at least 2 weeks following 
surgery 


Conclusion 


Endonasal dacryocystorhinostomy has become 
popular in the last 15 years since it allows preser¬ 
vation of the pump function of the sac and avoids 
an external scar. In addition, it allows sinus sur¬ 
gery to be performed in the same sitting if need¬ 
ed. The endonasal technique allows the surgeon 
to localize the sac accurately in the nasal cavity 
and create a fistula from the lacrimal sac into the 
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nose under direct vision with minimal trauma. 
The success of the surgery depends on accurate 
diagnosis ruling out canalicular obstruction and 
meticulous surgical technique with appropriate 
instruments. 
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Core Messages 


■ The three most common pituitary tumors 
are pituitary adenomas, craniopharyngio¬ 
mas, and meningiomas. The most common 
pituitary tumors in children are craniopha¬ 
ryngiomas. 

■ Pituitary apoplexy is a surgical emergency 
that results from parasellar compression of 
the cavernous sinus and cortical brain sec¬ 
ondary to infarction or hemorrhage of a pi¬ 
tuitary adenoma. Prompt surgical decom¬ 
pression is required. 

■ Endoscopic transsphenoidal hypophysecto- 
my is preferred over the traditional transsep- 
tal approach since it results in less postopera¬ 
tive epistaxis, lower rates of lip anesthesia and 
septal perforation. It also has been shown to 
allow for shorter postoperative hospitaliza¬ 
tion. 

■ Endoscopic transsphenoidal hypophysecto- 
my with hydroscopy allows for visualization 
of the tumor bed and completeness of the re¬ 
section. 

■ Absolute contraindications in performing an 
endoscopic transsphenoidal hypophysecto- 
my include inadequate surgical training and 
lack of proper instrumentation. 
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Introduction 


Interest in pituitary surgery began in 1893 when Ca- 
ton and Paul operated on an acromegalic patient via 
a temporal approach; that tumor was never reached 
and the patient subsequently died. Between 1904 and 
1906, Horsley operated on ten patients using a com¬ 
bination of subfrontal and middle cranial fossa ap¬ 
proaches with a 20% mortality rate. A transfacial ap¬ 
proach via transglabellar incision with excision of the 
frontal sinuses and the superior nose was described 
in 1897. This laid the framework for Schloffer in 1907 
to perform the first transsphenoidal approach via a 
superior rhinectomy incision. In 1909, Kocher added 
resection of the septum submucosally; while Kana- 
vel described an inferior nasal approach reflecting the 
external nose superiorly. In 1910, Hirsch described 
his classic endonasal transseptal approach. Hirsch s 
approach avoided a lateral rhinotomy incision, but his 
visualization was limited by the diameter of the exter¬ 
nal nares. Finally in 1910, Halstead added a sublabial 
incision to Hirsch s transseptal approach. This avoid¬ 
ed external scarring, while improving the breadth of 
the operative field. Cushing, utilizing a combination 
of these transsphenoidal techniques between 1910 and 
1925, had a mortality rate of 5.6% in 231 cases. With 
morbidity usually from infection, Cushing began de¬ 
veloping and using more transcranial approaches in 
order to reduce infectious complications, and by 1931 
he had abandoned the transsphenoidal approach. This 
resulted in a dominance of frontal approaches for pi¬ 
tuitary tumors during the 1930s to 1960s [2, 4, 7]. 

In 1956, Dott (one of Cushings understudies) per¬ 
formed 80 consecutive transseptal transsphenoidal 
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operations with no mortality. Dott introduced this 
technique to Guiot in 1956. Guiot improved the sur¬ 
gical access to the sella by utilizing radiofluoroscop- 
ic control, while also advocating the use of postoper¬ 
ative radiation to achieve the best results. As a fellow 
under Guiot, Hardy learned the transsphenoidal ap¬ 
proaches and in 1967 introduced the use of the op¬ 
erating microscope to this procedure. This allowed 
for brighter lighting and improved sellar visualiza¬ 
tion, resulting in more aggressive resection of pitu¬ 
itary and parasellar lesions. These technical advances 
along with the development of antibiotics in the 1950s 
lowered the mortality rates to well below the reported 
rates for transcranial approaches at the time [2, 4, 7], 
The sublabial transseptal transsphenoidal approach is 
still utilized in many medical practices today. 

Endoscopic assistance in transsphenoidal surgery 
was described by Bushe and Halves in 1978, but it was 
not until otolaryngologists had gained significant ex¬ 
perience using the endoscope for management of in¬ 
flammatory sinus disease that it gained acceptance in 
management of pituitary tumors. In 1996, Carrau et 
al. [3] reported a series of 50 patients who underwent 
endoscopic endonasal transsphenoidal pituitary sur¬ 
gery. This landmark paper became a springboard for 
further advances in minimally invasive endoscopic 
transsphenoidal hypophysectomy. Endoscopic trans¬ 
sphenoidal hypophysectomy (also known as mini¬ 
mally invasive pituitary surgery, MIPS) offers sev¬ 
eral advantages over transseptal approaches and is 
becoming the procedure of choice for many otolaryn¬ 
gologists and neurosurgeons for management of pitu¬ 
itary adenoma. 


Pituitary Gland Anatomy 


The pituitary gland is a reddish-gray body, measur¬ 
ing approximately 10 mm in diameter, attached to 
the brain through the infundibulum and resting 
in the sella turcica. The gland is composed of two 
lobes. The anterior lobe derives from the ectoderm, 
and starts developing around the fourth week of ges¬ 
tation when an evagination of the stomodeum en¬ 
larges dorsally, forming Rathke’s pouch. This then 
gradually becomes sealed off from the aerodigestive 
tract, forming a cyst that is then invaded by meso¬ 
dermal tissue to form the anterior lobe of the pitu¬ 
itary. A diverticulum arising from the floor of the 
third ventricle then abuts this lobe and eventually 
develops into the infundibulum and posterior lobe 
of the pituitary [8, 10, 11], 

The anterior lobe of the pituitary is composed of 
epithelial cells surrounded by vascular sinusoids. 
Three distinct cell types are identified on hematox¬ 
ylin and eosin staining. Acidophils include somato- 


tropes (growth hormone) and lactotropes (prolac¬ 
tin); basophils include thyrotropes (thyroid-stimu¬ 
lating hormone), gonadotropes (luteinizing hormone 
and follicle stimulating hormone ), and cortico- 
tropes (adrenocorticotrophic hormone); while chro¬ 
mophobes are essentially nonsecretory. The poste¬ 
rior lobe is composed largely of nonmyelinated ax¬ 
ons whose cell bodies are located in hypothalamic 
nuclei. These neurons secrete antidiuretic hormone 
and oxytocin [8, 10, 11], 


Anatomy 


The pituitary gland sits in the sella turcica, a deep 
depression on the superior aspect of the body of the 
sphenoid bone. The posterior boundary of the sella 
is defined by the dorsum sellae and the posterior cli- 
noid processes. Below the dorsum sellae is the clivus, 
which slopes inferiorly and is continuous with the oc¬ 
cipital bone. The roof of the fossa is formed by the di¬ 
aphragm, which is a dural fold traversed by the pi¬ 
tuitary stalk. The lateral extension of the diaphragm 
forms the roof of the cavernous sinus [8,10,11], 

Vital structures in proximity to the pituitary in¬ 
clude: 


Optic chiasm and nerve 
Carotid arteries 

Third, fourth, fifth, and sixth cranial nerves in 
the cavernous sinus 

The basilar artery and brainstem posteriorly 
(Figs. 18.1,18.2) [8,10,11], 


Proper knowledge of this anatomy is therefore essen¬ 
tial during these approaches. 


Anatomy 


The sphenoid sinus starts developing at about the 12th 
week of gestation. The sinus is not present at birth, 
with pneumatization beginning at about 5-7 years of 
age, while the adult size is usually reached by 15-18 
years. [8] 

The sphenoid sinus is variably pneumatized into 
the sphenoid bone. 

Three types of sphenoid sinuses are described ac¬ 
cording to the degree of pneumatization in relation 
to the sella: 

1. Conchal sphenoid is one which has pneumatized 
only to a small degree with thick bone still over the 
face of the sella. 
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Fig. 18.1. The anatomy 
of the sphenoid, sella, and 
cavernous sinus 



2. Sellar pneumatization occurs when pneumatiza- 
tion has occurred to the face of the sella. 

3. Postsellar describes a sinus that has pneumatized 
beyond the face of the sella. 

The majority of sinuses are of the sellar type and post¬ 
sellar type [11]. 

The two sphenoid sinuses are separated by a sep¬ 
tum that is off the midline in 60-70% of cases; the two 
cavities are therefore rarely symmetrical. The septum 
often inserts on or near the bony covering of the ca¬ 
rotid artery and/or the optic nerve. 

Multiple structures can be seen running along the 
walls of the sphenoid sinuses (Figs. 18.1,18.2): 


The vidian canal runs laterally along the floor, 
while the carotid arteries and optic nerves run 
along the lateral walls. 

The optic-carotid recess is located between the 
bulges of the more superiorly located optic 
nerve and inferiorly located carotid and may 
extend into the anterior clinoid process 
(Fig. 18.3b) [8,10,11]. 


Pituitary apoplexy 

Tumors that show progressive growth with 
serial imaging 


The differential diagnosis for sellar masses includes: 


Pituitary adenomas and carcinomas 

Craniopharyngiomas 

Meningiomas 

Chordomas 

Gliomas 

Germoid tumors 

Benign cysts such as Rathke’s cleft cysts or 
arachnoid cysts 

Inflammatory lesions such as lymphocytic 
hypophysitis or Langerhans’ cell histiocytosis 
Infectious abscesses 

Vascular aneurysms of the cavernous carotid 


Pituitary Adenomas 


Indications and Patient Selection 


Indications for endoscopic transsphenoidal hypoph¬ 
ysectomy include: 


Hormone-excreting pituitary adenomas that 
do not respond to medical therapy 
Nonsecreting adenomas or pituitary tumors 
that cause hypopituitarism or visual impair¬ 
ment 


The most common sellar neoplasm is a pituitary ad¬ 
enoma. This accounts for 15% of all intracranial tu¬ 
mors [5,11], The annual incidence of operative lesions 
is 15 per 100,000 patients; however, the lifetime prev¬ 
alence of pituitary adenomas is much higher [5, 11]. 
Studies suggest 17-22% of unselected autopsies reveal 
a pituitary adenoma [5]. The highest incidence is be¬ 
tween the third and sixth decades of life, with high¬ 
er incidence in postmenopausal women. Pituitary le¬ 
sions are classified as secreting/nonsecreting, with 
or without extrasellar extension, and microadeno¬ 
mas (less than or equal to 10 mm) or macroadeno¬ 
mas (greater than 10 mm). Pituitary carcinoma is ex- 
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Fig. 18.2. Intraoperative series of photographs. A Sphenoid 
ostium. B Posterior-superior sphenoid sinus. C Resecting 
the bony sella. D Opening the dura with a sickle knife. E Pi¬ 
tuitary tumor resection with a ring curette. F Hydroscopy of 

tremely rare. It is thought to arise from benign pitu¬ 
itary adenomas, and is defined by distant spread of 
disease and is not based solely on histologic grading. 
Lesions of the neurohypophysis (posterior lobe of pi¬ 
tuitary) are also extremely rare. The most common of 
these is the granular cell tumor. 


the tumor bed with visualization of the surrounding dura and 
carotid artery laterally. SO sphenoid ostium, MT middle turbi¬ 
nate, ST superior turbinate, ON optic nerve, OCR optic-carotid 
recess, CA carotid artery, T tumor 


Craniopharyngiomas 


Craniopharyngiomas are remnants of Rathke’s pouch. 
They comprise less than 3% of all intracranial tumors, 
but are the most common parasellar tumor of children 
and the second most common adult sellar lesion [11]. 
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Meningiomas 


Meningiomas are the third most common sellar tu¬ 
mor, comprising between 1 and3% of parasellar lesions. 
Pure intrasellar meningiomas are exceedingly rare and 
almost all arise from the meninges of the frontal lobes, 
sphenoid wings, or cavernous sinus [11], 


Pituitary Apoplexy 

Pituitary apoplexy is a rare clinical syndrome that 
must be recognized and treated emergently. Apo¬ 
plexy arises from a hemorrhage or infarction of a pi¬ 
tuitary adenoma resulting in compression of parasel¬ 
lar structures such as the optic nerves, cavernous si¬ 
nus, and brain. The clinical presentation is usually a 
severe headache with accompanied emesis and men¬ 
ingeal signs. Complete or partial ophthalmoplegia 
and loss of consciousness may also occur. Rapid diag¬ 
nosis by MRI and prompt decompression of the sel¬ 
la is required. 


Preoperative Evaluation 


Patients present with pituitary tumor evaluation most 
commonly with visual impairment and secondly pi¬ 
tuitary hormonal dysfunction. Less common symp¬ 
toms that patients present with include other crani¬ 
al neuropathies from cavernous sinus involvement, 
headaches from stretching of the parasellar dura, hy¬ 
drocephalus, and cortical brain involvement/symp¬ 
toms. MRI is the mainstay for assessing pituitary le¬ 
sions (Fig. 18.4a). 


Tips and Pearls 

Patients with pituitary adenomas are best eval¬ 
uated by a multidisciplinary team including an 
endocrinologist, a neurosurgeon, an otolaryn¬ 
gologist, and an ophthalmologist. 


During the preoperative visit with the otolaryngol¬ 
ogist, a complete history and head and neck exami¬ 
nation is performed. Nasal endoscopy is essential for 
evaluating the sinonasal anatomy and ruling out any 
concurrent infectious process that may mandate a de¬ 
lay in surgery. The CT scan is reviewed for further an- 
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Fig. 18.4. MRI/CT fusion image for intraoperative stereotactic image guidance 


atomic details such as the presence of Onodi (sphe- 
noethmoid) cells, asymmetry of the sphenoid sinuses, 
or possible dehiscence of the carotid arteries and/or 
optic nerves (Fig. 18.4b). The operative plan and po¬ 
tential variations are discussed by the two operative 
teams. At our institution, all patients have a fine-cut 
CT scan for use with the computer-guided navigation 
system. In the setting of revision surgery, the preop¬ 
erative MRI and CT scans are fused together on the 
navigational system, allowing for improved intraop¬ 
erative orientation (Fig. 18.5). The risks and benefits 
of the procedure are discussed at length and all ques¬ 
tions are answered, while the expected postoperative 


course is also explained to the patient and family. Pre¬ 
operative evaluation by an ophthalmologist is essen¬ 
tial. This includes visual acuity and visual fields as 
well as retinal examination, and serves as a baseline 
for postoperative comparisons to determine improve¬ 
ment, or possibly degeneration in vision. A significant 
number of patients with pituitary tumors will usually 
present themselves to the surgical team referred by an 
endocrinologist, sometimes after unsuccessful medi¬ 
cal management. Preoperative medications are usu¬ 
ally continued; hyperthyroidism is ideally well con¬ 
trolled, and stress doses of steroids are given preoper- 
atively as necessary. 
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Fig. 18.5. Intraoperative 
photograph showing the 
fixed pneumatic endoscope 



Surgical Techniqi 


The surgical technique is demonstrated in Video 18.1. 

Many of the surgical instruments used by otolar¬ 
yngologists in functional endoscopic sinus surgery 
are used in MIPS. The standard-length 0°, 4-mm en¬ 
doscope with attached scope irrigation provides the 
best illumination and visualization for approaching 
the sella, while a longer scope may be used to assist 
with tumor resection. Forty-five degree (and occa¬ 
sionally 70°) scopes are usually used later in the pro¬ 
cedure after the sella is entered and the tumor re¬ 
moved to facilitate exploration. 

The patient is positioned in the reverse Trendele- 
burg position, with the torso elevated at approximate¬ 
ly 30° and the knees slightly bent for comfort. The 
head is rotated approximately 15° towards the sur¬ 
geon. In our earlier cases, we used a three-point pin 
holder, such as a Mayfield head holder, but we have 
found this to be unnecessary and time-consuming. 
Instead, the patients head rests on a foam donut, 
which allows the degree of flexion and rotation to be 
optimized for exposure during different parts of the 
procedure. 


Tips and Pearls 

We routinely use computer-guided navigation 
to facilitate identification of sellar landmarks 
and tumor orientation, while negating the 
need for fluoroscopy. The latest navigation 
systems allow for rapid, simple registration in 


addition to easy integration and tracking of 
the surgeon’s own instrumentation. 


The patient’s face is not sterilely prepared as the in¬ 
struments will be passing through the contaminated 
nasal cavity. The abdomen is always prepped with Be- 
tadine, in case a fat graft is needed at the end of the 
procedure. Care is taken to maintain sterility of the 
abdominal region, with the nasal field being kept dis¬ 
tinct throughout the procedure. 

Hemostasis is aided by performing greater palatine 
blocks by injecting approximately 1.5 ml of a solution 
of 1% lidocaine with 1:100,000 epinephrine transoral- 
ly into each greater palatine canal. The nasal cavities 
are decongested with pledgets soaked in a solution 
of 0.05% oxymetazoline hydrochloride. Under endo¬ 
scopic guidance, more lidocaine with epinephrine is 
injected at the junction of the horizontal portion of 
the basal lamella and lateral nasal wall in the region 
of the sphenopalatine foramen to obtain a sphenopal¬ 
atine artery block. See Chap. 4 on local anesthesia by 
Das and Senior for more details. 

Most neurosurgeons are trained to perform pitu¬ 
itary surgery via the midline, transseptal route. The 
endoscopic transnasal approach, however, is an ex¬ 
tra-axial approach and will result in a slightly differ¬ 
ent perspective for sellar visualization. The side of ap¬ 
proach to the tumor is determined by several factors, 
including, most notably, the degree of obstruction of 
the nasal cavity. The preoperative endoscopic exam¬ 
ination following maximal decongesting of the nose 
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along with review of preoperative CT aids in this as¬ 
sessment. For patients without significant nasal ob¬ 
struction with smaller pituitary lesions that are off the 
midline, and for those larger tumors extending lateral¬ 
ly into the cavernous sinus, the contralateral nasal cav¬ 
ity presents a better angle of approach to result in com¬ 
plete resection. Occasionally, an approach using both 
nasal cavities has been used, with the endoscope in one 
side and the instruments in the other. This can be the 
case in patients with unusually narrow nasal cavities 
and is usually reserved for the tumor resection part of 
the procedure where more than one instrument has to 
be inserted in addition to the endoscope. 

The approach to the anterior face of the sphenoid 
follows the paraseptal corridor, medial to the mid¬ 
dle turbinate. This approach allows the remaining si¬ 
nuses lateral to the middle turbinate to be left undis¬ 
turbed, minimizing the risk of postoperative sinusitis 
and long-term problems. When necessary, gentle lat¬ 
eralization of the middle turbinate is done with the 
soft end of a Hurd tonsil retractor. Occasionally, a 
concha bullosa is encountered which may need to be 
resected to provide good access. 


Tips and Pearls 

Key to the identification of the sphenoid sinus 
ostium is the identification of the superior 
turbinate and the region of the sphenoethmoid 
recess (Fig. 18.2a). 


The recess is bounded by the skull base superiorly, the 
superior turbinate laterally, and the septum medial¬ 
ly and always contains the ostium of the sphenoid si¬ 
nus (Fig. 18.3a). The ostium can be well seen after de¬ 
congesting the superior turbinate with local anesthe¬ 
sia and conservatively resecting its posterior-inferior 
third using cutting instruments. 


Tips and Pearls 

The sphenoid ostium is always located medial 
to the turbinate, just posterior to its inferior 
edge in the sphenoethmoid recess. 

Jho [6] has described using the inferior edge of 
the middle turbinate as a landmark for 
orientation to the floor of the sella. This mar¬ 
gin leads to the clival indentation, about 1 cm 
below the level of the sellar floor. 


The posterior septal branch of the sphenopalatine ar¬ 
tery crosses the inferior aspect of the sphenoethmoid 
recess on its way to supply the mucosa of the septum. 
Transection of this artery while performing the sphe- 
noidotomy can lead to intraoperative bleeding but can 
usually be well controlled with bipolar cautery or top¬ 
ical decongestant packing. Vasoconstriction may be 


further obtained by injection of lidocaine/epineph- 
rine solution along the posterior septum, prior to any 
incision in the face of the sphenoid. 


Tips and Pearls 

Once the sphenoid sinus ostium is identified, 
the sinus is entered and the ostium enlarged 
in an inferior and medial direction, away from 
critical structures along the lateral wall of the 
sinus 


The ostium is enlarged to a point where the endo¬ 
scope can be inserted into the sinus in order to vi¬ 
sualize its lateral extent, while further enlargement is 
performed using a mushroom punch. The bone of the 
sphenoid rostrum is resected using a combination of 
Kerrison rongeurs and punches until the nasal sep¬ 
tum is encountered; occasionally a high-speed drill 
is used for resection of this relatively thick bone. A 
partial posterior septectomy is then performed using 
backbiting forceps. This allows exposure of the con¬ 
tralateral face of the sphenoid. The intersinus septum 
is then resected, allowing bilateral exposure of the 
sella through the one nasal cavity. Great care is taken 
in resection of the intersinus septum, as it frequently 
attaches posteriorly over the carotid. 

Medially, the sella is bordered by the tubercle ros- 
trally, and the clivus caudally. As discussed earlier, 
the optic nerves are seen superior laterally, while the 
cavernous portions of the internal carotid arteries are 
located inferior to the optic nerves (Fig. 18.3b). 


Tips and Pearls 

In approaching the sella via the endoscopic 
transsphenoidal approach, great caution must 
be exercised, especially around the carotid 
arteries and the optic nerves, as these can be 
dehiscent in approximately 20 and 10% of 
cases, respectively. 


With adequate sellar exposure, the endoscope is at¬ 
tached to a fixed pneumatic holder with a custom- 
designed end piece, freeing up the surgeon’s second 
hand (Fig. 18.6). Alternatively, an assistant can hold 
the scope for the operating surgeon. 

The mucosa on the posterior wall of the sphe¬ 
noid sinus is then coagulated with a bipolar cautery. 
The sella is then entered with a 4-mm chisel or high¬ 
speed drill, depending on the thickness of the sellar 
face and the opening enlarged with a Kerrison ron¬ 
geur or mushroom punch (Figs. 18.3c, 18.7). Occa¬ 
sionally, bleeding can be encountered from anterior 
intercavernous connections; this can usually be read¬ 
ily controlled with microfibrillar collagen and tempo¬ 
rary pressure. The dura is then cauterized and opened 
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Fig. 18.6. Specialized 
instruments utilized in 
endoscopic transsphe¬ 
noidal hypophysectomy: 

A A 0° Hopkins rod with 
Endoscrub sheath; B, C 
3-mm Kerrison rongeurs; 
D, E mushroom punch; F, 
I sickle knife; G, / rotating 
pituitary curette; H, K 90° 
rotating scissors 
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in a cruciate fashion with a sickle knife (Figs. 18.3d, 
18.7) and rotating endoscopic scissors (Fig. 18.7) to a 
diameter of at least 1 cm, but preferably all the way to 
the medial aspect of the cavernous sinuses. The tu¬ 
mor mass typically bulges through the dural open¬ 
ing. Samples are taken and sent for frozen section and 
permanent pathology analysis before any suction is 
used, especially when dealing with microadenomas 
and smaller lesions. The tumor is then removed with 
a combination of suction and neurosurgical ring cu¬ 
rettes with different angulations (Fig. 18.3e). Tumor 
tissue is usually easily differentiated from normal pi¬ 
tuitary tissue, with normal pituitary tissue being more 
orange/yellow in color and firmer to palpation. 


Tips and Pearls 

Once the bulk of the tumor is removed, the 
scope may be detached from the scope holder 
and inserted into the sella to facilitate more 
detailed exploration for residual tumor. 


Forty-five and 70° scopes may be utilized in order to 
examine the lateral crevices of the sella. Frequently, 
however, as more tumor is removed, the diaphragm 
of the sella and normal pituitary tissue will tend to 
descend into the void thus created. This can obscure 
visualization, especially in the lateral recesses of the 
cavity. In order to improve visualization in this set¬ 
ting, we have developed the technique of “hydros- 
copy.” This technique utilizes normal saline irriga¬ 
tion under pressure attached to either the straight or 
angled endoscopes. The pressure of the saline flood¬ 
ing the field serves to expand the soft-tissue bound¬ 
aries of the sella including the diaphragm while 


also improving visualization by washing away small 
amounts of blood and clot (Fig. 18.3f). With im¬ 
proved visualization, this technique allows inspec¬ 
tion of the cavity and ensures as complete a remov¬ 
al of tumor tissue as possible. Similarly, the pressure 
of the irrigation helps to wash out small bits of re¬ 
sidual tumor otherwise poorly accessible in recess¬ 
es of the sella. 

At the end of the procedure, hemostasis is obtained 
using a hemostatic substance such as microfibrillar 
collagen in thrombin. This is allowed to sit for a few 
minutes in the sella and is then irrigated out. No ad¬ 
ditional packing is placed. 


Tips and Pearls 

Reconstruction of the sella is not necessary in 
the vast majority of cases [9], The only indica¬ 
tion for reconstruction in our current practice 
is for intraoperative management of a CSF leak 


In a review of our first 28 cases without sellar recon¬ 
struction, only one case of postoperative CSF leak was 
found, comparable with reported rates of 0.8-6.4% [9, 
12], No cases of empty sella syndrome were identified, 
nor were any cases of meningitis identified. 

Lumbar puncture CSF decompression is not rou¬ 
tinely utilized in our practice. 


Postoperative Management 


Postoperatively, the patient is admitted to a regular 
floor bed for routine neurological monitoring, care- 
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ful monitoring for CSF rhinorrhea, as well as careful 
observation of fluid status for development of diabe¬ 
tes insipidus, a condition usually commencing 12- 
24 h following the surgery. A MRI scan is obtained 
on the first postoperative day to evaluate complete¬ 
ness of resection. Patients are generally discharged 
on antibiotics, and hormonal replacement as neces¬ 
sary. Patients are instructed to avoid nose-blowing 
or sneezing through the nose in order to avoid dis¬ 
placement of air and/or mucus into the open sellar 
cavity. 

At the first postoperative visit approximately 
3 weeks later, sinonasal endoscopy is performed to 
confirm appropriate healing. Typically, by 6 weeks 
the posterior sphenoidotomy is usually covered by a 
healthy mucosal layer. Patients are closely followed 
by the neurosurgery and the endocrinology teams for 
long-term monitoring. 


Complication! 


Compared with the traditional sublabial transsep- 
tal approach, the endoscopic approach provides im¬ 
proved complication rates. In a comparison of our 
first 50 cases of MIPS with our last 50 cases with the 
sublabial transseptal approach, the total complication 
rate per patient, in addition to postoperative epistax- 
is, lip anesthesia, and septal perforation rates, was sig¬ 
nificantly lower in the endoscopic approach [12], 

The reported rates of major complications in MIPS 
are low, similar to those of sublabial transseptal ap¬ 
proaches: 


Meningitis (0.4-2%). 

Intracranial hemorrhage (0.4-3%). 
Ophthalmoplegia (0.5-4.6%). 

Carotid injury (0-1.1%) [12], 

Postoperative diabetes insipidus is usually 
transient, and can be seen in up to 60% of 
patients. 

Permanent diabetes insipidus is reported to be 
between 0.4-3%. 


Patients with Cushing’s disease are usually discharged 
on a regimen of hydrocortisone. This is then adjusted 
on subsequent visits to the endocrinologist. Sinusitis 
and intranasal synechiae are rarely observed since the 
ostiomeatal complex is not disturbed and care is tak¬ 
en to minimize mucosal damage. 

Tips and Pearls 

CSF leak is the most common serious compli¬ 
cation of pituitary surgery. 
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Intraoperative CSF leaks most commonly are seen 
at the anterior edge of the diaphragm and are more 
prevalent in the setting of large tumors where the dia¬ 
phragm is thinned out and in revision surgery where 
scarring is present. They are readily managed with 
packing of the sella with an abdominal fat graft, sup¬ 
ported by an absorbable miniplate inserted subdural- 
ly to provide graft support against the area of the leak. 
The face of the sella is then covered with an absorb¬ 
able material such as microfibrillar collagen; rarely a 
nonresorbable sponge pack may be placed to provide 
additional support. 

Postoperative CSF leaks usually occur within the 
first 72 h and manifest as clear rhinorrhea or salty 
taste. Initial management is conservative with strict 
bed rest, head of bed elevation, and stool softeners. In¬ 
sertion of a lumbar drain may be necessary if the leak 
persists after 48 h or, preferably, patients may be tak¬ 
en back to the operating room and the leak repaired 
as described above. We have occasionally used a free 
mucosal graft, harvested from the contralateral sep¬ 
tum placed over the sellar fat graft, to allow faster mu- 
cosalization and healing. Rarely, with recurrent leaks, 
patients may require lumbar-peritoneal shunting. 


Conclusion 


- V 

The endoscopic approach to pituitary tumors 
provides improved patient comfort, quicker re¬ 
covery, and a lower rate of morbidity compared 
with the sublabial transseptal approach. It pro¬ 
vides improved illumination and visualization, 
and along with hydroscopy may improve com¬ 
pleteness of tumor removal. Further advances 
in endoscopic equipment and techniques are al¬ 
lowing for improved results and the extension of 
these results beyond the confines of the sella and 
surrounding structures to other areas of the skull 
base (Fig. 18.2) [1], 
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Core Messages 


■ Computer-aided surgery (CAS) encompass¬ 
es all semiconductor-based technologies for 
surgery. 

■ Image-guided surgery (IGS), a type of CAS, 
incorporates software-enabled imaging re¬ 
view and intraoperative surgical navigation. 

■ All IGS systems share similar hardware (com¬ 
puter workstation, display system, tracking 
system, surgical instrumentation) and soft¬ 
ware (data management, image review, sur¬ 
gical navigation) components. 

■ Registration is the process of establish¬ 
ing a one-to-one mapping relationship be¬ 
tween corresponding points (termed “fidu¬ 
cial points”) in the operative field volume and 
imaging data set volume. 

■ Registration protocols may be classified as 
paired-point, automatic and contour-based. 

■ Surgical navigation accuracy is best assessed 
through the index of target registration er¬ 
ror (TRE), which is determined by the sur¬ 
geon who visually estimates navigational er¬ 
ror by localizing against known anatomic 
landmarks. 

■ TRE must be checked at different points in the 
operative field volume repeatedly throughout 
the case. 

■ Indications for IGS include revision sinus 
surgery, traumatic/congenital anomalies, si- 
nonasal polyposis, disease involving frontal/ 
posterior ethmoid/sphenoid sinuses, disease 
abutting the skull base, orbit, optic nerve 
and/or carotid artery, CSF rhinorrhea and 
encephaloceles, and benign and malignant 
neoplasms. 

■ IGS is performed with imaging obtained pre- 
operatively and is not a substitute for surgi¬ 
cal expertise. 


■ Both computed tomography (CT)-magnet¬ 
ic resonance (MR) image fusion and three- 
dimensional CT angiography (3 DCTA) may 
be utilized with selected IGS systems for ad¬ 
vanced skull base lesions. 
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Introduction 


Since the late 1980s, rhinologic surgeons have increas¬ 
ingly incorporated image-guided surgery (IGS) tech¬ 
nology into paranasal sinus surgery. By today’s stan¬ 
dards, early IGS systems were remarkably primitive; 
nonetheless, rhinologic surgeons quickly realized 
that IGS represented a significant technological ad¬ 
vancement. Over the subsequent years, IGS technol¬ 
ogy has matured into a reliable, commonly utilized 
tool; in fact, it is difficult to conceive of advanced en¬ 
doscopic sinus surgery without IGS. 

This chapter presents a practical summary of con¬ 
temporary IGS principles and practices. Because IGS is 
more fully developed for rhinology (compared with oth¬ 
er subspecialties within otorhinolaryngology), the em¬ 
phasis will be rhinologic applications. Of course, general 
IGS concepts may be applied to other disciplines within 
otorhinolaryngology and other surgical specialties. 


Domain of Computer-Aided Surgery 


The International Society for Computer Aided Sur¬ 
gery has proposed a broad definition of computer- 
aided surgery (CAS): 

The scope of Computer-Aided Surgery encompass¬ 
es all fields within surgery, as well as biomedical 
imaging and instrumentation, and digital technol¬ 
ogy employed as an adjunct to imaging in diagno¬ 
sis, therapeutics, and surgery. Topics featured in¬ 
clude frameless as well as conventional stereotaxic 
procedures, surgery guided by ultrasound, image- 
guided focal irradiation, robotic surgery, and other 
therapeutic interventions that are performed with 
the use of digital imaging technology [9]. 

CAS focuses upon semiconductor-based technologies 
in surgery. Surgical navigation, computer-aided im¬ 
age review, stereotactic surgery, robotic surgery, tele¬ 
medicine and electronic medical records are all part 
of CAS. 

Thus, IGS falls under the domain of CAS; specifical¬ 
ly, IGS refers to intraoperative surgical navigation (Fig. 
19.1) as well as preoperative, software-enabled image 
review and surgical planning. Within otorhinolaryn¬ 
gology, IGS is most commonly employed in rhinologic 
procedures, although interest in other applications (es¬ 
pecially for otology and skull base surgery) is growing. 


System Components 


The underlying principles that permit the clinical ap¬ 
plication of IGS are similar for all IGS systems. The 


Table 19.1. 



principles that govern IGS are uniform, and the indi¬ 
vidual components for all IGS systems are essentially 
identical [5,6], In practice, IGS systems from different 
vendors function in comparable ways. 


Hardware 

Each IGS system includes these individual components: 

■ Computer workstation. The computer workstation 
serves to integrate the other hardware components 
and provides the central functionality of IGS. Stan¬ 
dard input devices include a computer mouse and 
keyboard. Most workstations are also connected to 
a computer network. 

■ Display system. A computer monitor obviously is 
necessary for the output of visual information. To¬ 
day, high-resolution flat-panel monitors have sup¬ 
planted older, cathode ray tube monitors. 

■ Tracking system. The tracking system can monitor 
the position of devices (attached to instruments) in 
the surgical volume. The tracking system has also 
been termed a “digitizer” since it provides location 
information in digital format for processing by the 
computer software. The digitizer monitors specific 
devices, termed intraoperative localization devices 
(ILDs). Commercially available digitizers are either 
optical or electromagnetic. For optical tracking, 
the ILD is an array of light emitting diodes (LEDs) 
or highly reflective spheres (Fig. 19.2). During ac¬ 
tive optical tracking, the overhead camera tracks 
the LEDs; during passive optical tracking, an over¬ 
head infrared emitter bathes the reflective spheres 
with invisible light, which is then reflected back to 
the overhead camera. Obviously, line of sight must 
be maintained during optical tracking; minor 
adjustments in operating room setup and instru¬ 
ment design can minimize this potential problem. 
Electromagnetic tracking relies upon sensors that 
operate as ILDs. An electromagnetic field emitter 
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Fig. 19.1. This screen capture from the Instatrak 3500 Plus (GE 
Healthcare Navigation & Visualization, Lawrence, MA, USA) 
depicts the typical screen layout for intraoperative navigation. 
The position of the instrument tip, seen in the endoscopic pic- 
ture-in-picture of the lower-right quadrant is depicted by the 
crosshairs seen on the axial, coronal and sagittal computed 


tomography (CT) images, which are shown in the remaining 
three quadrants. The controls for the software are present in 
the far-left panel. Because this system features a touch screen, 
the user can access the software by simply selecting the ap¬ 
propriate “soft” buttons. Both the sagittal and the coronal CT 
images were reconstructed from the axial CT image data set 


generates an electromagnetic field that is sensed 
by the ILD; positional information is then sent to 
the computer software for processing (Fig. 19.3). 
The central limitation for electromagnetic track¬ 
ing is perturbations of the electromagnetic field, 
although relatively simple maneuvers can prevent 
this from being a major clinical issue. 

■ Surgical instrumentation. Each IGS system has 
specific instrumentation for the operative field. In 
some instances, specific aspirators or forceps that 
incorporate an ILD must be used, while occasion¬ 
ally, the ILD may be designed so that it can be at¬ 
tached to almost any surgical instrument (includ¬ 
ing soft-tissue shavers). 


Software 


Software integrates the hardware components into a 
functional unit. Operationally, IGS system software 
performs a series of key tasks: 

■ Data management. The software must archive im¬ 
aging data sets for retrieval for both image review 
and surgical navigation. Imaging data sets are large 
files, and in busy centers, there may be numerous 
data sets; thus, the software must be robust to avoid 
“choking” during this critical function. 

■ Image review. Image review at the computer work¬ 
station has emerged as a critical advantage offered 
by IGS. The software can process the axial im¬ 
age data to reconstruct both coronal and sagittal 
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Fig. 19.2. An intra¬ 
operative localization 
device (ILD) simply 
permits the tracking of 
surgical instruments in 
the operative field. In 
this example, each ILD 
is an array of highly 
reflective spheres, whose 
position is monitored 
by the overhead camera 
system (also termed a 
“digitizer”). Since each 
array has a unique shape, 
it is possible to track each 
instrument separately 
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Fig. 19.3. The experimental model for image-guided surgery 
highlights the setup for surgical navigation for electromag¬ 
netic tracking, which is used by the InstaTrak 3500 Plus. This 
experimental model may be used for studies of registration 
in a dry laboratory setting. A headset, B electromagnetic field 
generator/emitter, C ILD, or electromagnetic sensor, incorpo¬ 
rated into the handle of the surgical instrument, D external 
fiducial marker 


images as well as three-dimensional models. By 
scrolling through these orthogonal views, the sur¬ 
geon can better appreciate the three-dimensional 
relationships of the critical anatomy and formulate 
an effective surgical plan. In addition, the soft¬ 
ware typically includes other functions, including 
three-dimensional cut views, window width/level 
adjustments and trajectory views. 

■ Surgical navigation. The software integrates regis¬ 
tration (discussed in the next section), positional 
information (provided by the tracking system) and 
the preoperative imaging to present graphical rep¬ 
resentations of instrument tip position relative to 
the preoperative imaging. 


Registration 


Registration is the process of establishing a one-to- 
one mapping relationship between corresponding 
points (termed fiducial points) in the operative field 
volume and the imaging data set volume. Registration 
paradigms may be divided into paired-point registra¬ 
tion, automatic registration and contour-based regis¬ 
tration. 

Although the terms “calibration” and “registra¬ 
tion” are often use interchangeably, this usage is tech¬ 
nically incorrect. Calibration is the process of defin¬ 
ing (or confirming) the relationship between an in¬ 
strument tip and an ILD. 
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Table 19.2. 


Registration Paradigms 


Paired-point registration 

- Manually define fiducial points in the imaging data set 

- Map corresponding anatomic points by sequentially 
localizing to each fiducial point. 

- Computer calculates the registration 

Automatic registration 

- Headset contains fiducial markers. 

- Headset positioning is reproducible. 

- Computer calculates the registration after finding 
fiducial markers in the imaging data set. 

Contour-based registration 

- Computer builds 3D model to define surface in the 
imaging data set. 

- Surgeon defines contour in operating field by localizing 
points along the external surface. 

- Computer aligns corresponding points on each contour 


Paired-Point Registration 

Paired-point registration is a three-step process. In 
the first step, the fiducial points must be defined in 
the imaging data set. In the early era of CAS, fidu¬ 
cial points were typically bone-anchored screws. Lat¬ 
er, taped-on fiducial markers were introduced. Obvi¬ 
ously, such external markers had to be placed before 
imaging data set acquisition. More recently, anatomic 
points (such as the tragus, medial and lateral canthus) 
have been used as fiducial points. In the second step, 
the surgeon must manually map corresponding fidu¬ 
cial points by localizing to each fiducial point in the 
operating field volume with a tracked probe. Final¬ 
ly, the computer calculates the registration and thus 
aligns corresponding fiducial points. 

Automatic Registration 

The automatic registration headset, which incorpo¬ 
rates a series of fiducial markers, is designed so that its 
exact positioning on each patient is reproducible; thus, 
the relationship between the fiducial markers and the 
patient is the same at the time of image acquisition and 
surgery. Of course, the patient must wear the headset 
for imaging and then the same or a functionally iden¬ 
tical headset during surgery. The registration process 
is complete as soon as the computer software loads the 
imaging data set, recognizes the positions of the fidu¬ 
cial markers and calculates the registration. Intraop¬ 
erative surgical navigation is based upon the assump¬ 
tion that the relationship between the patient and the 
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headset fiducial markers is nearly identical during im¬ 
age acquisition and surgery. 


Contour-Based Registration 


Contour-based registration is a three-step process like 
paired-point registration. During the first step, the 
IGS software defines the surface contours by build¬ 
ing a three-dimensional model from the axial imag¬ 
ing data. Next, the surgeon must define those contours 
in the operative field volume. This typically involves a 
quick paired-point registration with three anatomic fi¬ 
ducial points as an initial approximation. Subsequent¬ 
ly, the user must define a large number (40 to 500) of 
points on relatively fixed contours by gently touching 
the surface in a nearly continuous fashion in a pro¬ 
cess that has been termed “painting.” Alternatively, a 
handheld laser device may be used to define this con¬ 
tour. In the third step, the IGS software calculates the 
registration by aligning corresponding contours. 


Assessment of Surgical 
Navigation Accuracy 


Regardless of the registration process, errors in regis¬ 
tration are inevitable. Importantly, even subtle errors 
of registration may have significant impact on the ac¬ 
curacy of surgical navigation. Discussion of the reg¬ 
istration error theory [15] is beyond the scope of this 
chapter; nonetheless, the most critically relevant con¬ 
cepts will be discussed here. 

Target registration error (TRE) is the error of sur¬ 
gical interest, since it alone is a measure of surgical 
navigation accuracy [11]. Clinically, TRE may only be 
assessed by a visual estimate of accuracy obtained by 

Table 19.3. 


Surgical Navigation Accuracy 


Target registration error (TRE) is the best index of 
surgical navigation accuracy. 

Clinically, TRE can only be estimated visually by 
assessing accuracy against known anatomic landmarks. 
TRE must be assessed at several points throughout the 
operating field volume. 

TRE must be re-assessed throughout the duration of 
surgery. 

TRE is best estimated by breaking TRE estimates into 
their vector components (x-direction, y-direction, 
z-direction). 

Published reports demonstrate TRE values of 
approximately 1.5-2.0 mm. 
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localizing to known anatomic structures. Root-mean- 
square values provided by some IGS systems are not 
reliable measures of TRE, and thus cannot reliably in¬ 
dicate surgical navigation accuracy. 

Clinical determinations of TRE must be neither 
superficial nor casual. First, TRE may differ in dif¬ 
ferent parts of the operating field volume. It has been 
a common clinical anecdote that surgical navigation 
accuracy deteriorates further posteriorly in the sino- 
nasal space. Secondly, TRE may change during the 
same case for a variety of reasons, including headset 
slippage, bent instruments and tracking system er¬ 
rors. Finally, quick assessments of TRE are problem¬ 
atic since it is difficult to visually estimate TRE by in¬ 
spection of a static endoscopic image, which is a two- 
dimensional representation with spherical distortion 
intrinsic to wide-angle optics. 

In the clinical realm, TRE is best assessed by con¬ 
sidering each of the directional components (i.e., x- 
axis, y-axis and z-axis) of error individually. For in¬ 
stance, localization against the posterior maxillary 
wall will provide a suitable landmark for assessing 
TRE along the z-axis (depth), while localization along 
the maxillary roof is helpful for determining TRE in 
the y-axis direction. 


Table 19.4. 



Occasionally, some surgeons have proposed assess¬ 
ing TRE against external landmarks, but this prac¬ 
tice should be discouraged. While such TRE esti¬ 
mates can provide a rough guide, they are quite far 
from the area of surgical interest, and thus there is 
considerable potential for significant differences be¬ 
tween TRE at an external landmark and TRE at the 
operative site. 
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Fig. 19.4. This intraop¬ 
erative screen capture, ob¬ 
tained with the InstaTrak 
3500 Plus, shows the posi¬ 
tion of the curved aspirator 
in the posterior left frontal 
recess. The system was 
used for preoperative and 
intraoperative review of the 
preoperative CT images, 
and then during surgery, 
key anatomic boundar¬ 
ies, such as the skull base 
in the frontal recess, were 
confirmed through local¬ 
ization 
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Fig. 19.5. Surgical naviga¬ 
tion is also critical for 
the recognition of the 
skull base in the poste¬ 
rior ethmoid, as seen in 
this intraoperative screen 
capture, obtained with the 
InstaTrak 3500 Plus 



Fig. 19.6. This patient 
required debridement of 
clivus for skull base osteo¬ 
myelitis after transsphenoi¬ 
dal hypophysectomy. This 
screen capture, obtained 
with the InstaTrak 3500 
Plus, shows the relation¬ 
ship of the operative field 
to each internal carotid 
artery; thus, intraoperative 
surgical navigation facili¬ 
tated the endoscopic clival 
“drill-out”. 
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Literature reports of TRE for otorhinolaryngol¬ 
ogy inconsistently describe surgical navigation ac¬ 
curacy due to a lack of standardized methodology 
[12], Early descriptions of surgical navigation using 
acrylic or plastic models reported an accuracy of ap¬ 
proximately 2 mm [23-25]. More recent reports have 
highlighted an accuracy of approximately 1.5-2.4 
mm [3, 8, 10, 17, 20, 22], Today, real-world, intraop¬ 
erative TRE at a level of 1.5-2.0 mm is achieved, al¬ 
though occasionally even lower levels of TRE may 
be observed. 


Image-Guided Functional Endoscopic 
Sinus Surgery 


The American Academy of Otolaryngology - Head 
and Neck Surgery policy statement on CAS provides 
a comprehensive summary of indications for IGS: 

1. Revision sinus surgery 

2. Distorted sinus anatomy of development, postop¬ 
erative or traumatic origin 

3. Extensive sinonasal polyposis 

4. Pathology involving the frontal, posterior ethmoid 
and sphenoid sinuses 


Table 19.5. 


IGS Indications 

- Revision sinus surgery 


- Congenital and traumatic anomaly 


- Extensive sinonasal polyposis 


- Frontal sinus disease 


- Posterior ethmoid disease 


- Sphenoid disease 


- Disease abutting skull base, orbit, optic nei 

•ve and/or 

carotid artery 


- CSF rhinorrhea 


- Benign and malignant neoplasia 



5. Disease abutting the skull base, orbit, optic nerve 
or carotid artery 

6. CSF rhinorrhea or conditions with a skull base de¬ 
fect 

7. Benign and malignant sinonasal neoplasms [1] 

The integration of IGS into functional endoscop¬ 
ic sinus surgery (FESS) creates the paradigm of im¬ 
age-guided FESS (IG-FESS) [19]. In this approach, 
the central concepts of FESS, including mucosal 
preservation, meticulous technique and restora- 
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Fig. 19.7. Intraoperative 
screen capture, obtained 
during surgical naviga¬ 
tion with CT-magnetic 
resonance (MR) fusion 
images with the InstaTrak 
3500 Plus, demonstrates an 
immediate postresection 
view of the right pterygo- 
maxillary fossa ( PMF) in a 
patient with extensive sino¬ 
nasal mucosal melanoma. 
The superb soft-tissue 
differentiation provided by 
the fused view facilitated 
endoscopic resection of the 
malignancy into the PMF 
with sparing of normal 
structures. The upper- 
left image is the standard 
coronal CT image, while 
the lower-left and upper- 
right images are the axial 
and sagittal CT-MR fusion 
images, respectively 
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tion of mucociliary clearance, are unchanged. IGS 
serves as an enabling technology by facilitating the 
comprehension of complex paranasal sinus anato¬ 
my. Thus, preoperative image review and surgical 
planning at the computer workstation are key parts 
of IG-FESS. During surgery, the rhinologic surgeon 
should use the IGS system interactively, rather than 
as a “point and hunt” device. For this reason, the 
IGS tower must be configured for simple ease of 
use, and the surgical instrumentation for IGS must 
be appropriately designed to facilitate its use dur¬ 
ing actual surgery. Clinical experiences have dem¬ 
onstrated that IG-FESS is most appropriate for re¬ 
vision sinus surgery, frontal sinus surgery, and pos¬ 
terior ethmoid and sphenoid surgery as well as for 
surgical procedures for allergic fungal rhinosinus- 
itis and sinonasal polyposis (Figs. 19.4-19.6). Nu¬ 
merous reports attest to the utility of IGS in these 
applications [2, 7, 16-18, 21]. 


Limitations of Image-Guided Surgery 


Although IGS is a remarkable technology, it is impor¬ 
tant to consider the limitations of IGS in the clinical 
realm: 

■ Robust surgical navigation relies upon robust reg¬ 
istration. As a result, any problems with registra¬ 
tion will severely compromise the reliability of the 
IGS system for surgical navigation. Rhinologic sur¬ 
geons utilizing IGS should become familiar with 
registration concepts and troubleshooting. 

■ All intraoperative navigation is based on the pre¬ 
operative imaging data set; thus, navigation cannot 
reflect changes from intraoperative manipulation in 
the operative field during surgery. 

■ IGS is an enabling technology, not a substitute for 
surgical expertise. This technology facilitates the 
completion of a specific procedure within the con¬ 
fines of accepted surgical principles. 


Special Image-Guided Surgery Techniques 


Most commonly, computed tomography (CT) imag¬ 
es obtained without contrast are used for IGS in rhi- 
nology. These images provide little information about 
soft tissue differences and internal carotid artery 
(ICA) position. For most applications, this is satisfac¬ 
tory, but during extended endoscopic approaches to 
the skull base, more precise imaging is desirable. As 
a result, the incorporation of additional imaging mo¬ 
dalities into IGS represents a significant technologi¬ 
cal advance. 


Chapter 19 

Table 19.6. 


IGS Limitations 


Satisfactory registration is critical for accuracy surgical 
navigation. 

Intraoperative surgical navigation uses preoperative 
imaging data. 

IGS is not a substute for surgical expertise 


Computer software can now fuse corresponding 
CT and magnetic resonance (MR) images through a 
process of image-to-image registration. The princi¬ 
ples that govern this process are remarkably similar to 
those that underlie image-to-patient registration em¬ 
ployed for surgical navigation. Fused CT-MR imag¬ 
es can be reviewed at the computer workstation; these 
hybrid images provide information that each imaging 
modality alone does not provide. Properly configured 
IGS systems can use fused CT-MR image data sets for 
surgical navigation (Fig. 19.7) [4,13]. In these circum¬ 
stances, the surgeon can navigate with both the bony 
information provided by CT and the soft-tissue in¬ 
formation provided by MR. IGS with CT-MR fusion 
images may be most helpful during endoscopic skull 
base surgery, including tumor resection, as well as en¬ 
doscopic marsupialization of loculated mucoceles. 

Three-dimensional CT angiography (3D-CTA) is 
a technique for imaging the contrast-filled ICA with 
a rapid CT acquisition and a timed intravenous con¬ 
trast bolus. Computer software can render three-di¬ 
mensional images of the ICA and adjacent skull base, 
and intraoperative navigation with these 3D-CTA 
images is now feasible [14]. 


Conclusion 


IGS, which combines both preoperative comput¬ 
er-aided image review and intraoperative surgical 
navigation, has become a mainstay of advanced 
endoscopic sinus surgery techniques. For surgical 
navigation, the critical initial step of registration 
defines a one-to-one, three-dimensional map¬ 
ping relationship between the preoperative im¬ 
aging data set and intraoperative surgical anat¬ 
omy. Since even subtle errors of registration can 
have profound consequences on surgical naviga¬ 
tion accuracy, rhinologic surgeons must consis¬ 
tently monitor surgical navigation accuracy. Nu¬ 
merous reports have confirmed that IGS tech¬ 
nology has positively impacted contemporary 
surgical rhinology, and the current consensus, as 
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defined by an American Academy of Otolaryngol¬ 
ogy-Head and Neck Surgery position statement, 
emphasizes the role of IGS for advanced endo¬ 
scopic paranasal sinus procedures, including re¬ 
vision surgery and skull base surgery. It must also 
be noted that this technology has its limitations; 
consequently, the judgment and experiences of 
the rhinologic surgeon should not be discounted. 
In sum, IGS has become a key technology for con¬ 
temporary endoscopic sinus and skull base sur¬ 
gery. 
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Core Messages 


■ Understand the reasons for revision sinus 
surgery 

■ Know the appropriate patient evaluation pri¬ 
or to embarking on revision sinus surgery 

■ Understand how to surgically approach each 
sinus in a revision case 

■ Know when open approaches are necessary 
in revision sinus surgery 


Contents 


Introduction. 199 

Preoperative Evaluation. 200 

History. 200 

Physical Examination. 200 

Radiographic Evaluation. 200 

Endoscopic Revision Sinus Surgery. 201 

General Concepts. 201 

Instrumentation. 201 

Maxillary Sinus. 201 

Ethmoid Sinus. 202 

Sphenoid Sinus. 204 

Frontal Sinus. 204 

Draflla. 205 

Drafllb. 206 

Draf III (Transseptal Frontal Sinusotomy). 207 

Complications of Endoscopic Sinus Surgery. 208 

Postoperative Care and Debridement. 208 

Open Revision Sinus Surgery. 208 

Caldwell-Luc. 208 

Frontal Sinus Trephination. 209 

Osteoplastic Flap . 209 

Conclusion. 210 

References. 210 


Introduction 


Functional endoscopic sinus surgery has a success 
rate for symptom improvement of over 90%; howev¬ 
er, symptom improvement demonstrates poor cor¬ 
relation with disease resolution and approximate¬ 
ly 20% of patients end up requiring revision sur¬ 
gery. Those patients requiring revision sinus surgery 
therefore fall into a minority but represent a thera¬ 
peutic challenge for the otolaryngologist [6]. Prior 
to embarking on revision sinus surgery, a thorough 
reassessment of the patient’s underlying disorder 
should be conducted. A key concept to remember is 
that chronic sinusitis is a multifactorial disease, with 
surgery serving as an adjunct to medical manage¬ 
ment and control of environmental factors. In ad¬ 
dition, continued medical therapy will be necessary 
in the revision sinus surgery patient even following 
surgery [7]. Other important issues leading to revi¬ 
sion surgery can be classified as general host envi¬ 
ronmental, and local host factors [5]. In those pa¬ 
tients who were an an initial attempt at endoscopic 
sinus surgery failed, a checklist should be complet¬ 
ed evaluating each of these categories before revision 
surgery (Table 20.1). The categories most amenable 
to revision sinus surgery are inadequate surgery or 
postoperative scarring due to either poor operative 
technique or inadequate postoperative care. Patients 
who underwent mucosal stripping from prior sur¬ 
gical intervention are at risk for the development of 
neoosteogenesis, a problem that is very difficult or 
impossible to resolve with revision surgery interven¬ 
tion and appears to be associated with a poorer long¬ 
term prognosis and sometimes apparently with per¬ 
sistent pain. 

The focus of this chapter is revision surgery treat¬ 
ment of inflammatory sinus disease. The advance¬ 
ments in endoscopic sinus surgery have enabled the 
vast majority of revision sinus surgery to be con¬ 
ducted using this technique. However, open sinus 
surgery still has a limited role in revision sinus sur¬ 
gery, its role being largely confined to an occasional 
osteoplastic procedure in patients who fail revision 
surgery with an extended frontal sinus approach. 





















200 Satish Govindaraj, Marcelo Antunes, David W. Kennedy 


20 


Table 20.1. Classification of some important issues leading to 
revision surgery 


1 Environmental 

General host 

Local host [ 

Cigarette smoke 

Reactive airway 

Iatrogenic 

Chemical irritants 

Immunodeficiency 

Neosteogenesis 

Inhalant allergy 
Emotional stress 

Genetic factors: 

- Cystic fibrosis 

- Kartagener’s 
Samters triad 

Nasal polyps 

Table 20.2. Iatrogeni 

c factors 



Lateralization 

Absence of middle 

of middle turbinate 

turbinate 

Mucus recirculation 

Residual uncinate process 

Scarring of bulla 

Residual ethmoid bony 

to middle turbinate 

partitions 

Scarring of frontal recess 

Scarring of sphenoid 


Preoperative Evaluation 


History 

The revision sinus surgery patient should under¬ 
go complete reassessment, especially in those cases 
where the prior surgery or surgeries were performed 
by another surgeon. It is important to secure the pa¬ 
tient’s initial complaints prior to the first surgery 
and the operative records. It is critical to understand 
whether the patient’s complaints prior to the first sur¬ 
gery were truly of sinus origin, the evaluations and 
medical treatment performed prior to the surgery, the 
extent of the initial procedure, as well as whether any 
orbital or intracranial violation was present. 

Some of the key areas to evaluate are potential ge¬ 
netic predisposition (cystic fibrosis, cilia dysmotility, 
immunodeficiency, autoimmune), allergy assessment 
if clinical suspicion exists and environmental expo¬ 
sure to dust, molds, chemicals and smoke. Certainly, 
it is inadvisable to perform elective sinus surgery and 
especially revision sinus surgery in a patient who has 
not yet stopped smoking. 

Any patient who had their first operation for chron¬ 
ic sinusitis or polyposis before the age of 18 should be 
evaluated for a cystic fibrosis variant, if this has not 
been previously done. However, the possibility of cys¬ 
tic fibrosis should also be considered in patients who 
present even later in life, if they have had multiple dis¬ 
ease recurrences. 


Tips and Pearls 

Samter’s triad and asthma-associated nasal pol¬ 
yposis patients must understand that the na¬ 
ture of their disease process is chronic and will 
require ongoing medical care, and that in 
the absence of ongoing medical therapy and 
regular endoscopic follow up, further revision 
surgery is likely. 


In any patient undergoing revision sinus surgery, 
evaluation of both active and passive immunocompe- 
tence is a consideration, in addition to allergy evalu¬ 
ation. 


Physical Examination 

A complete head and neck examination should be per¬ 
formed in the initial patient evaluation. The presence 
of lymphadenopathy may suggest sarcoidosis, chronic 
serous otitis media could be associated with Wegen¬ 
er’s granulomatosis, or laryngeal findings of posteri¬ 
or glottic erythema and edema may reveal underlying 
gastroesophageal reflux. 

Diagnostic nasal endoscopy is an essential com¬ 
ponent of the preoperative physical examination and 
typically, particularly in the previously operated on 
patient, provides more information regarding the 
anatomy and the disease present than is provided by 
imaging. Reactive nasal mucosa, when identified on 
endoscopy, should be controlled prior to surgical in¬ 
tervention with topical and oral steroids. Typically a 
course of20-30 mg of prednisone daily for 3-7 days be¬ 
fore surgery is sufficient. The steroids will also help sta¬ 
bilize lower-airway reactivity as well as reduce bleed¬ 
ing intraoperatively. In addition, any purulence with¬ 
in the sinonasal cavity should be cultured and treated 
with the appropriate antibiotic. The cavity is assessed 
for evidence of iatrogenic factors (Table 20.2). 


Radiographic Evaluation 

The radiologic assessment should include review of 
films taken prior to the first surgical procedure when¬ 
ever possible and these should be compared with the 
present imaging. Stereotactic computer-assisted nav¬ 
igation systems are commonly used for revision si¬ 
nus surgery cases. The key areas for review in the pre¬ 
operative computed tomography (CT) evaluation are 
shown in Table 20.3. 
















Revision Sinus Surgery 


Table 20.3. Preoperative computed tomography evaluation 


Site 

Evaluation 

Skull base 

Slope, height, erosions, asymmetry, 
neosteogenesis 

Medial orbital wall 

Integrity, residual uncinate 
position, erosion 

Ethmoid vessels 

Anterior/posterior ethmoid vessels 
relative to skull base 

Posterior ethmoid 

Vertical height, presence of Onodi 
cell, neosteogenesis 

Maxillary sinus 

Infraorbital ethmoid cells, 
accessory ostia 

Sphenoid sinus 

Position of intersinus septum, 
location and appreciation of a bony 
dehiscence of the carotid artery 
and optic nerve 

Frontal recess/sinus 

Presence of agger nasi and 
supraorbital pneumatization, 
frontal sinus drainage, anterior- 
posterior diameter of frontal sinus 


Surgery 


General Concepts 

It is important to appreciate that normal anatomic re¬ 
lationships have been altered in a revision sinus sur¬ 
gery case; thus, the identification of constant land¬ 
marks at the outset of the surgery is vital. The key 
landmarks to identify are the maxillary sinus roof, 
the medial orbital wall and the skull base within ei¬ 
ther the posterior ethmoid or the sphenoid sinus. The 
roof of the maxillary sinus serves as a landmark for 
two things: the level of the sphenoid ostium and a 
safe height for posterior dissection through the eth- 
moids to the sphenoid sinus. Once we are in the sphe¬ 
noid, the lowest height of the skull base is identified. 
Dissection can now proceed in a posterior to anteri¬ 
or direction forwards along the skull base. As the dis¬ 
section is brought anteriorly it is performed lateral¬ 
ly, skeletonizing the medial orbital wall so as to avoid 
the area of attachment of the middle turbinate where 
the skull base both slopes inferiorly and is significant¬ 
ly thinner. Indeed the bone may even be absent in the 
region of the anterior ethmoid artery where it enters 
the skull base medially. Dissection is therefore only 
performed in this area after the anatomy of the skull 
base has clearly become evident. 


Chapter 20 201 


Tips and Pearls 

Key anatomic areas to identify during surgery 
are the maxillary sinus roof, the medial orbital 
wall and then the skull base. 

■ Avoid relying on the middle turbinate as a 
major landmark in revision surgery. 

■ Identify the skull base in the posterior eth¬ 
moid sinus or sphenoid sinus. 

■ Superior dissection should be performed from 
posterior to anterior following skull base 
identification. 


Instrumentation 


The revision sinus surgery case will require both 
manual and powered instrumentation and the man¬ 
ual instrument set should be extensive. Through-cut¬ 
ting instruments are essential for the removal of bony 
partitions without stripping mucosa. Non-through- 
cutting instruments such as the Blakesley forceps are 
helpful in fracturing thickened osteitic bone along 
the skull base or medial orbital wall. When thickened 
bone is fractured with non-through-cutting forceps, 
it is not typically removed in the jaws of these forceps 
because of the possibility of stripping mucosa. Rather, 
it is teased out from the mucosa and then removed. 

Powered instrumentation includes angled micro- 
debriders and diamond burr drills. Microdebriders 
allow the expeditious removal of bony partitions and 
loose mucosa without stripping mucoperiosteum. In 
addition, use of angled debriders of 60° and 90° is an 
efficient way of removing polyps from the frontal re¬ 
cess and from the maxillary sinus. Powered drills play 
a role in the removal of osteitic bone that is not ame¬ 
nable to manual instrumentation. The 15° and 70° di¬ 
amond burr drills are used in areas where the osteitic 
bone is too thick or cannot be fractured with forceps. 
However, when the diamond burrs are used, it is with 
the understanding that mucosal sacrifice is inevitable 
and adjacent mucosa will need to resurface the area; 
thus, they should be used very selectively. 


Maxillary Sinus 


The most common problems related to the maxillary 
sinus are a segment of residual uncinate process, re¬ 
sulting in either blunting or scarring at the anterior 
aspect of the antrostomy or failure to communicate 
the true and iatrogenic ostia with resultant mucus re¬ 
circulation. Residual infraorbital ethmoid (Haller) 
cells are also identified relatively frequently and may 
result in persistent inflammation. In addition, if the 
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maxillary sinus extends medially into the nasal cavi¬ 
ty, entrapment of airflow occurs with mucosal drying 
and secondary impairment of mucociliary clearance. 

The following are typical problems, the instruments 
used and the technique employed: 


Residual uncinate process. The instruments 
used are a Backbiter, a ball-tip seeker and a 
Stammberger downbiter. Most commonly the 
residual uncinate process is anterior to the an- 
trostomy and a 45° endoscope will be required 
to obtain a better view of the area in question. 
A ball-tip seeker is then used to medialize this 
segment of uncinate and the curved 
60° microdehrider is used for tissue removal. 
Another option is to use the backbiter for both 
dissection and removal of residual uncinate in 
this area (Fig. 20.1). 

Failure to communicate the true ostium and the 
accessory or iatrogenic ostium. The instru¬ 
ments used are a 45° endoscope, a backbiter 
and a curved 60° microdehrider. The backbiter 
is placed within the more posteriorly located 
accessory ostium and gently biting anteriorly 
until the dissection connects with true ostium 
(Fig. 20.2). An angled 60° microdehrider can 
be used to do obtain the same result. 

Presence of infraorbital ethmoid (Haller) cell. 
The instruments used are a J curette, a right- 
angled curette, 45° or 90° Blakesley, side-to- 
side giraffe forceps and a curved microdebrid- 
er. Fracture or entry into the cell can be done 
with a curette. Once the cell is exposed, 45° or 
90° Blakesley forceps depending on the angle 
needed can be used to remove the cell walls or 
the bone can be fractured with giraffe forceps 
and then teased out. Another option is to use 
the curved 60° or 90° microdehrider to remove 
the bony partitions of the cell. 

Medial projection of maxillary sinus. The in¬ 
struments used are straight through-cutting 
and Blakesley forceps. The medial wall of the 
maxillary sinus is removed so that it is flush 
with the posterior wall of the sinus. Care must 
be taken to avoid extending the dissection too 
far posteriorly and risking injury to the sphe¬ 
nopalatine artery. 


Tips and Pearls 

■ A 45° or 70° endoscope is frequently necessary 
to identify residual uncinate and the natural 
ostium of the maxillary sinus. 

The backbiter can be used for both dissection 
and resection of residual uncinate process. 



Fig. 20.1. A backbiter is being used to remove residual unci¬ 
nate process 


Ethmoid Sinus 

The ethmoid region is a common area for residual 
bony partitions along the skull base and medial or¬ 
bital wall. These areas may be sources of persistent in¬ 
flammation and cellular obstruction with secondary 
neo-osteogenesis. In addition, if prior surgery has re¬ 
moved or perforated the middle turbinate, clearing 
the skull base of bony partitions or polyps becomes 
dangerous as the site of attachment of the middle tur¬ 
binate and the dural invagination which occurs at 
this site may be difficult to identify, with subsequent 
increased risk of CSF leak The use of stereotactic nav¬ 
igation can be helpful in these cases. The location of 
the anterior ethmoid artery should be evaluated on a 
preoperative CT scan since at times the artery may be 
traveling through an area of neo-osteogenic bone, or 
may be hanging freely from the ethmoid roof. 

A typical problem is residual bony partitions and/ 
or neo-osteogenesis along skull base or medial orbit¬ 
al wall. The instruments used are 45° through-cut¬ 
ting forceps, a microdehrider, a 15° and 70° diamond 
burr self-irrigating drill, frontal sinus and J curettes, 
and in select cases 45° Blakesley forceps. The medi¬ 
al orbital wall should be identified initially in order 
to establish the lateral extent of the dissection. This is 
best achieved by using through-cutting forceps to re¬ 
move these bony partitions while preserving mucosa. 
The medial wall of the maxillary sinus can be used as 
a reference point for the plane of the lamina papyra- 
cea. Angled Blakesley forceps can be used to palpate 
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Fig. 20.2. a View with a0° endoscope revealing residual unci¬ 
nate process superiorly and interiorly. The iatrogenic ostium is 
visualized, b View with a 45° endoscope revealing the failure 
of communication of the iatrogenic and natural ostium, c A 
backbiter is used to bring both ostia into continuity 


the medial orbital wall for residual bony partitions. 
Once the medial orbital wall is cleared, the skull base 
can be identified in the sphenoid sinus or posterior 
ethmoid region. In all surgical procedures, a 0° tele¬ 
scope should be utilized until the medial orbital wall 
and skull base have been identified. If the skull base is 
not readily identified in the posterior ethmoid sinus, 
it is important to identify the sphenoid sinus ostium 
and widen the ostium to determine the location of the 
skull base roof within the sphenoid sinus. This is the 
lowest point of the skull base; thus, moving from pos¬ 
terior to anterior, staying adjacent to the medial or¬ 
bital wall, is the safest way to avoid intracranial en¬ 
try. The key to safely clearing the skull base is palpat¬ 
ing behind each bony partition before removal (Fig. 
20.3). If space can be felt behind a bony partition, it is 


safe for removal. In addition, the instrument should 
be angled laterally to decrease the risk of intracrani¬ 
al penetration medially. If the bone is too thick to re¬ 
move with through-cutting forceps, it may be gently 
fractured with Blakesley forceps, teased away from 
the surrounding mucosa with a curette or ball-tip 
seeker and then removed. In certain circumstances, 
a wide area of bony neoosteogenesis may be present 
and a curved drill will be necessary. Mucosal sacrifice 
is inevitable in this situation, and reliance on adjacent 
mucosa and postoperative debridement and antibiot¬ 
ic coverage will be necessary until the area is resur¬ 
faced. In the posterior ethmoid region, a 15° drill is 
adequate; however, as the dissection progresses an¬ 
teriorly, transition to an angled endoscope and a 70° 
drill will be necessary. 






204 Satish Govindaraj, Marcelo Antunes, David W. Kennedy 


20 



Fig. 20.3. Palpation behind bony partitions along the ethmoid 
skull base. Note the lateral orientation of the instrument away 
from a medial low-lying skull base 


Tips and Pearls 

The 0° endoscope is used until the skull base is 
identified in order to avoid disorientation cre¬ 
ated by angled endoscopes. 

Palpate behind bony partitions along the skull 
base before removal. 

Angle instruments laterally along the skull 
base to avoid inadvertent intracranial entry. 
Review CT scans carefully to determine the 
location of the anterior ethmoid artery. 


Sphenoid Sinus 


The sphenoid sinus serves as a critical structure to be 
identified in the revision sinus surgery case. It ana¬ 
tomically defines the lowest point of the skull base, 
marks the posterior extent of the dissection and serves 
as a posterior landmark for the medial orbital wall. 
The most common iatrogenic sequela of the sphenoid 
sinus is scarring of the ostium. At times the ostium 
may be densely osteitic, requiring a drill for entry. In 
these cases, stereotactic navigation is very helpful. 

A typical problem is scarring of sphenoid ostia. The 
instruments used are a J curette, thin Frazier suction 
tubing, a Stammberger mushroom punch, a Hajek ro¬ 
tating sphenoid punch, 45° small through-cutting for¬ 
ceps and a 15° diamond drill. There are two main ap¬ 
proaches to the sphenoid sinus: the transethmoid and 
endoscopic transnasal. The transethmoid approach is 
used if the ethmoid sinus has already been dissect¬ 


ed or if a concurrent ethmoidectomy is required. The 
transnasal approach is usually used if an isolated 
sphenoidotomy is required. In the transethmoid ap¬ 
proach, the last posterior ethmoid cell typically has 
a pyramidal shape with the apex pointing superolat- 
erally towards the anterior clinoid process. Once this 
has been identified, attention is directed medially and 
the superior meatus is identified by palpation. The 
posterior boundary of the superior meatus is the su¬ 
perior turbinate and the inferior portion of the supe¬ 
rior turbinate is then resected with through-cutting 
forceps. This leads the surgeon directly back to the 
natural ostium, which lies medial to the superior tur¬ 
binate, and the ostium can then be palpated and wid¬ 
ened. Once entry has been established, widening of 
the ostium can be accomplished using either a mush¬ 
room punch or a rotating sphenoid punch (Fig. 20.4). 
At times the superior wall can be removed more easi¬ 
ly with small 45° through-cutting forceps rather than 
the mushroom punch. Palpation is performed behind 
the superior wall to confirm the presence of space and 
then the wall is resected until it is flush with the skull 
base. Occasionally, a drill may be required when the 
bone is very thick. We prefer a wide sphenoidotomy, 
with the superior and lateral walls flush with the skull 
base and the medial orbital wall, respectively, to re¬ 
duce the chances of postoperative restenosis. In addi¬ 
tion, any Onodi cells should be brought into continu¬ 
ity with the sphenoid sinus. 


Tips and Pearls 

Identify the superior meatus medially within 
the ethmoid sinus 

Resect the inferior portion of the superior 
turbinate 

Identify the ostium medial to the superior 
turbinate 

Widen the ostium to the level of the medial 
orbital wall and the skull base 


Frontal Sinus 

Revision endoscopic frontal sinus surgery has been 
an area of significant recent advancement. With the 
appropriate anatomy, frontal sinus inflammatory dis¬ 
ease can be treated endoscopically (Video 20.1), with 
only a select few cases requiring open approaches such 
as trephination or an osteoplastic flap. The main iat¬ 
rogenic sequelae causing frontal sinus obstruction are 
residual uncinate process, bulla ethmoidalis or agger 
nasi cells obstructing the frontal recess region. In ad¬ 
dition, mucosal stripping in the region of the frontal 
recess can result in secondary neoosteogenesis. The 
key concepts to remember are to remove all bony par- 
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Fig. 20.4. a Resection of the inferior superior turbinate is 
performed, b Note the appearance of the sphenoid ostium af¬ 
ter superior turbinate removal, c Endoscopic view within the 
sphenoid. ON optic nerve, CA, carotid artery, ST sella turcica 


titions within the frontal recess while leaving a ful¬ 
ly mucosalized ostium of at least 4-5-mm diameter. 
This can be a challenging task in the setting of neo¬ 
osteogenesis. 


Table 20.4. Classification of Draf frontal sinusotomy 


Anterior ethmoidectomy, frontal recess 
drainage pathway confirmed 


Draf Ha Create an opening between lamina 

papyracea and middle turbinate insertion 
Draf lib Removal of frontal sinus floor between 
lamina papyracea and nasal septum 
Draf III Bilateral lib with removal of upper nasal 

septum and lower frontal sinus septum 


Endoscopic management of the frontal sinus re¬ 
quires angled endoscopes (45° or 70°) and the prop¬ 
er instrumentation. Draf [7] has described three clas¬ 
sifications of frontal sinus dissection (Table 20.4). In 
the revision sinus surgery case, the minimum of a 
Draf Ha procedure is usually recommended. In cas¬ 
es where a prior Draf II procedure failed, a transsep- 
tal frontal sinusotomy (Draf III) can be performed if 
the anatomy is amenable. 


Draflla 


This procedure has also been described by Stamm- 
berger [2] as “uncapping the egg” and involves ex¬ 
panding the frontal sinus ostia from the lamina pap¬ 
yracea to the middle turbinate by removing residual 
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Fig. 20.5. Draf Ha. a The agger nasi cell (AN) lies anterior to frontal recess is enlarged from the lamina papyracea (LP) to 
the frontal sinus ostium (FS). b This cell is removed and the the middle turbinate (MT) 
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bony partitions. The indications are persistent fron¬ 
tal sinus or frontal recess disease on the CT scan 
with bony partitions amenable to removal. The in¬ 
struments used are a 60° microdebrider, cobra for¬ 
ceps, side-to-side and forward-backward angled 
through-cutting and giraffe forceps (55° and 90°), a 
curved mushroom punch and a frontal sinus curette. 
On the preoperative CT scan determine the loca¬ 
tion of the anterior ethmoid, and the presence of su¬ 
praorbital ethmoid cells, residual uncinate process, 
bulla ethmoidalis, and agger nasi cells. Use tripla- 
nar reconstructions or interactive imaging to iden¬ 
tify the frontal sinus drainage pathway and concep¬ 
tualize the anatomy as it will be seen endoscopically. 
The technique is the following. The first step is con¬ 
firmation of the frontal sinus drainage pathway. This 
can be done very gently with a malleable probe. The 
ostium often lies between the uncinate process and 
the middle turbinate in a medial location. The osti¬ 
um is identified using a probe. This area can then be 
expanded using additional instrumentation. Anteri¬ 
or expansion with a frontal sinus curette will frac¬ 
ture any residual agger nasi cell. This should be done 
in an anterolateral direction. Once fracture of the 
bony partitions is complete, a curved microdebrid¬ 
er may be used to remove bony fragments and muco¬ 
sal tags. Alternatively, larger bony fragments can be 
teased out with a curved probe and removed with gi¬ 
raffe forceps. This anterior exposure facilitates work¬ 
ing in the frontal recess and is termed “uncapping 
the egg” [4, 5]. Lateral extension of the ostium is per¬ 
formed with a curved mushroom punch to the me¬ 
dial orbital wall. An alternative is to downfracture 
fragments with a curved hook. Medial dissection is 


expanded to the middle turbinate insertion and pos¬ 
terior dissection is conducted to the posterior table of 
the frontal sinus. In most cases, there is a supraorbit¬ 
al ethmoid air cell posteriorly of variable size. When 
this is identified, the bony partition between the su¬ 
praorbital ethmoid cell and the frontal sinus should 
be removed. Once this has been completed, a wide 
fully mucosalized frontal sinus ostium will be pres¬ 
ent (Fig. 20.5). 


Tips and Pearls 

Conceptualize the anatomy and frontal sinus 
drainage pathway preoperatively 
Identify the drainage pathway with a probe 
intraoperatively 

L Fracture residual bony partitions anteriorly 
and laterally 

i _ Tease out all bony fragments 

Remove mucosal tags with a curved microde¬ 
brider 

L Preserve mucosa covering residual bone 


Draf Mb 

This involves expansion of the frontal sinus from the 
lamina papyracea to the nasal septum. The anteri¬ 
or third of the middle turbinate is resected up to the 
skull base. A drill or through-cutting punch is used 
to expand the sinus ostia medially. Although this 
may result in loss of mucosa in this area, the remain¬ 
ing walls of the ostia are mucosalized. The indica- 
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Fig. 20.6. a After completing a Draf Ha procedure, the ante¬ 
rior third of the middle turbinate is resected at the skull base 
using a 30° scope and a straight through-cutting instrument. 


b Once this has been done, the frontal sinus ostium is enlarged 
from the lamina papyracea ( LP ) to the nasal septum (NS) 


tions are failure of a prior Draf I or Draf Ha proce¬ 
dure, especially when due to an osteitic middle tur¬ 
binate and scarring to the medial orbital wall. The 
instruments used are the same as those used for the 
Draf Ha procedure, with the addition of a 70° dia¬ 
mond burr drill and 1-mm Acufex through-cutting 
forceps. The technique consists of the same steps 
for the Draf Ha procedure. The anterior third of the 
middle turbinate can be resected using the Acu¬ 
fex forceps (Fig. 20.6a). In the revision case, a pri¬ 
or partial middle turbinate resection may have been 
performed. If this is the case, the anterior resection 
should be carried superiorly to the level of the skull 
base, taking care more posteriorly not to resect the 
region where the dura invaginates into the turbinate 
attachment. Side-to-side through-cutting or giraffe 
forceps are an ideal instrument for the delicate supe¬ 
rior part of the resection. Before expanding the os¬ 
tium medially, care must be taken to expand the os¬ 
tium as far anteriorly as possible; this may be done 
with through-cutting “cobra” forceps or with a 70° 
diamond drill. In essence, the floor of the sinus is re¬ 
moved from the lamina papyracea to the nasal sep¬ 
tum (Fig. 20.6b). 


Tips and Pearls 

Resect the anterior middle turbinate completely 
Widen the ostium anteriorly before extending 
it medially 

Be conservative posteriorly where the dura 
invaginates into the middle turbinate attach¬ 
ment 


Draf III (Transseptal Frontal Sinusotomy) 


This procedure is essentially the performance of bi¬ 
lateral Draf lib procedures with resection of both the 
intervening segment of the nasal septum and the ad¬ 
jacent intersinus septum. There is up to a 10% risk of 
CSF leak, and all patients do not have suitable anat¬ 
omy for this procedure. An anteroposterior diame¬ 
ter of at least 5 mm is required. Evaluation of the pre¬ 
operative CT scan is required with careful attention 
to the anteroposterior diameter of the frontal sinus, 
the width of the ethmoid cavity and the thickness of 
the nasofrontal beak. A thick nasofrontal beak trans¬ 
lates into additional denuded bone, increased drill¬ 
ing time and an increased incidence of postoperative 
scarring. The instruments used are the same as those 
used for the Draf lib procedure, with the addition of 
instruments needed to resect the superior nasal sep¬ 
tum; an angled beaver blade or a sickle knife and a 
suction Freer elevator. The procedure is typically be¬ 
gun by identifying the more open frontal sinus; how¬ 
ever, when both sinuses are involved, it may be initiat¬ 
ed with the septal resection and creation of the septal 
window (transseptal frontal sinusotomy). The skull 
base is then identified posteriorly, and the frontal si¬ 
nuses are opened from within the septal space. More 
commonly, bilateral Draf lib procedures are first per¬ 
formed. Once the ostia have been enlarged to the na¬ 
sal septum, the superior septum is resected after in¬ 
jecting it with 1% lidocaine with 1:100,000 epineph¬ 
rine solution. A sickle knife or beaver blade is used 
to make a superiorly based U-shaped flap on the na- 
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sal septum. This mucosa is removed with a 60° micro- 
debrider. The frontal sinus is reidentified and the seg¬ 
ment of bony septum at the floor of the frontal sinus 
is removed. The nasofrontal “beak“ is then removed 
with a 70° diamond drill under direct visualization, 
taking care to preserve the mucosa posteriorly. After 
this has been done, the intersinus septum of the fron¬ 
tal sinus comes into view and this can be removed in 
one of two ways. Side-to-side through-cutting SSI for¬ 
ceps can be used if the bone is not too thick; howev¬ 
er, when bone density is a factor, a 70° diamond burr 
drill can be used to resect the septum. 


Tips and Pearls 

■ Carefully evaluate the triplanar CT scans for 
anatomic suitability for this procedure. 

Start on the side of the most easily identified 
frontal sinus and open this side. If both frontal 
sinuses are closed, consider a transseptal ap¬ 
proach initially. 

Remember the two frontal sinuses cannot be 
connected with a straight line; the opening 
must be brought anteriorly in an inverted-U 
shape to avoid the midline skull base. 

■ Use the drill anteriorly to create a wide antero¬ 
posterior diameter opening. 

Preserve the mucosa posteriorly. 


Complications of Endoscopic Sinus Surgery 

The major complications of endoscopic sinus surgery 
can be narrowed to two main categories: intracrani¬ 
al and intraorbital injuries [(Table 20.5). In most se¬ 
ries, these potential complications appear to occur in 
approximately one in 200 cases, but are essential in 
the preoperative discussion of informed consent and 
the incidence may be higher in revision procedures. 
The risk of CSF leak should be adjusted accordingly 
in those patients having multiple revision procedures, 
those with dense osteitic bone or neo-osteogenesis 

Table 20.5. Complications of endoscopic sinus surgery 



along the skull base and those undergoing transseptal 
frontal sinusotomy. 

Although the major complications are rare, more 
minor complications such as scarring, disease persis¬ 
tence, synechiae formation and mucoceles are much 
more common. 


Postoperative Care and Debridement 

The long-term success of revision sinus surgery is 
dependent on diligent postoperative medical man¬ 
agement and office debridement. The office setting 
should have a complete set of instruments available 
for removal of residual bony partitions and lysis of 
synechiae. Endoscopically directed cultures should 
be performed as needed. The mucosal appearance is 
the critical sign of whether a postoperative cavity has 
healed completely and is likely to remain stable. Re¬ 
sidual areas of edema along the skull base or medial 
orbital wall are suggestive of residual bony partitions. 
Palpation and removal of these areas with curettes or 
through-cutting instruments can be performed after 
topical anesthesia. In addition, in select cases intrale- 
sional steroids can be administered, especially in the 
frontal recess. 

Medical management involves the use of antibi¬ 
otics, nasal steroids, nasal saline irrigations and an¬ 
tibiotic irrigations. The duration of oral steroids and 
other medical management is dependent on the en¬ 
doscopic appearance of the postoperative cavity. Ag¬ 
gressive irrigations are not initiated until 2 weeks af¬ 
ter surgery in order to alleviate the risk of introducing 
infection. Nasal saline preparations are easily avail¬ 
able over the counter to keep the cavity moist between 
debridements. Patients are seen in the office for 4- 
6 weeks of weekly debridement. Topical nasal steroids 
are usually continued long term, especially in the re¬ 
vision patient who may need indefinite treatment. 


Open Revision Sinus Surgery 


Caldwell-Luc 

The use of the Caldwell-Luc approach to the max¬ 
illary sinus is essentially of little utility in the man¬ 
agement of inflammatory sinus disease. In patients 
with neoplastic processes, including inverted papil¬ 
loma, the Caldwell-Luc approach is an ideal adjunct 
to the endoscopic approach, especially in those tu¬ 
mors with anterior or lateral attachment. Lor this rea¬ 
son a brief description of the procedure is presented 
since it has already been well described [1, 3]. An in¬ 
cision is made in the upper gingivobuccal sulcus leav- 
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ing a cuff of mucosa for reapproximation on the den¬ 
tal side of the incision. Unipolar cautery can be used 
to take the dissection to the face of the maxilla. An 
incision is made through the periosteum, and a peri¬ 
osteal elevator is used to elevate superiorly. Medial 
elevation to the piriform aperture and lateral exten¬ 
sion to the lateral wall of the maxilla is performed. 
As the periosteum is elevated superiorly, the infraor¬ 
bital nerve bundle is identified. Entry into the maxil¬ 
lary sinus is performed with a 2-mm osteotome and 
mallet in the canine fossa. A small square is created 
to accommodate a Kerrison rongeur. Closure of the 
incision is performed with a 3-0 chromic suture in a 
running horizontal mattress fashion. We feel the hor¬ 
izontal mattress everts the mucosal edges well and 
prevents retraction of mucosa and food trapping in 
the wound. 


Frontal Sinus Trephination 

The indications are as follows: frontal sinus cells in¬ 
accessible via an endoscopic approach; evaluation of 
the posterior table frontal sinus or examination of the 
integrity of the frontal sinus ostia; aid in resection of 
frontal sinus neoplasm. The technique involves an in¬ 
frabrow incision made down to the bone. Whereas for 
frontal sinus irrigation the opening is typically made 
in the sinus floor, when the primary purpose of the 
trephine is for endoscopic examination and manip¬ 
ulation, the bony entry is usually made in the ante¬ 
rior wall. Transillumination or image guidance can 
be used to confirm the location of the frontal sinus. 
A 5-mm cutting burr is used to enter the frontal si¬ 
nus. Care is taken to avoid the area of the supraorbit¬ 
al nerve. Once entry has been gained into the sinus, 
expansion of the entry site can be done with a drill or 
rongeur if necessary. Once widening has been done, 
dissection can be performed via the trephination site 
under endoscopic visualization or using a combined 
above-and-below approach, using endoscopic visual¬ 
ization both intranasally and through the trephine. 


Tips and Pearls 

Carefully evaluate the sinus imaging before 
performing the trephine 
Feel for the supraorbital notch 
■ Use a round burr to remove the bone and then 
carefully open the mucosa 
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Osteoplastic Flap 


The indications are intractable frontal sinus inflam¬ 
matory disease not amenable to a transseptal fron¬ 
tal sinusotomy, failure of Draf III frontal sinusoto¬ 
my, and for resection of selected frontal sinus tumors. 
The technique is a standard coronal incision typical¬ 
ly extending from each helical crus. A subgaleal plane 
is identified and elevated to 2 cm above the supraor¬ 
bital rims. At this point blunt dissection is used to 
further elevate the flap and identify the supraorbital 
neurovascular bundles. A safe dissection area is the 
midline. A radiographic template is cut to the dimen¬ 
sions of the frontal sinus or, preferably, computer-as¬ 
sisted imaging is used to identify the outline of the 
frontal sinus. The periosteum is incised a few milli¬ 
meters outside the template and elevated 2 mm on ei¬ 
ther side. Low-profile miniplates are drilled and then 
removed. An oscillating saw is used to make a 2-mm 
vertical trough and then the saw is beveled towards 
the sinus until entry into the frontal sinus itself. The 
vertical cuts at the supraorbital rim can be completed 
with an osteotome if desired and a horizontal saw cut 
can be made in the midline above the root of the nose 
to make it easier to fracture the sinus in this region. If 
obliteration is planned, all mucosa is removed by both 
Freer elevation and drilling the entire bony surface 
under magnification with the operating microscope 
in order to ensure complete mucosal removal. In cas¬ 
es of tumor or fungal disease, obliteration is avoid¬ 
ed and a wide opening is made into the nasal cavity. 
This combined above-and-below approach involves 
combining a classic Lothrop procedure from above 
with a bilateral endoscopic anterior ethmoidectomy 
transseptal frontal sinusotomy from below. Typical¬ 
ly, the transnasal endoscopic procedure is performed 
initially and, if it is clear that all the disease cannot 
be removed, the external approach is performed. For 
reconstruction at the end of the procedure, the bone 
flap is then replaced and miniplates are reapplied. The 
wound is closed with the use of 2-0 Vicryl sutures in 
an interrupted fashion. This layer must incorporate 
the galea aponeurosis. The skin is closed with staples. 
Suction drains are placed for 24 h. Staple removal is 
done at 10 days. 


Tips and Pearls 

■ Reserve the osteoplastic approach for when 
other procedures fail. 

□ Use computer-assisted imaging to outline the 
frontal sinus whenever possible, but have a 6-ff 
posteroanterior Caldwell view for backup use 
as a template. 

Bevel the saw during the osteotomy. 
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Remove all the mucosa (including the supraor¬ 
bital ethmoid cells) if obliteration is to he per¬ 
formed. 

Consider beginning with a Draf III procedure 
or transseptal frontal sinusotomy in cases of 
tumor. It may be possible to remove all tumor 
and drill the sites of attachment from below 
using a 70° diamond drill. 


Conclusion 


- V 

Revision sinus surgery for the treatment of in¬ 
flammatory disease has been revolutionized with 
the advent of endoscopic sinus surgery. In only 
select cases is open surgery required. The keys to 
successful revision surgery are adjunctive medi¬ 
cal management, aggressive postoperative de¬ 
bridement, mucosal preservation and removal of 
osteitic bone. 
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Core Messages 


■ Chronic rhinosinusitis is a very common 
condition in children. 

■ Diagnosis can be confused with a viral infec¬ 
tion, adenoiditis or allergy symptoms. 

■ The majority of children respond to medical 
treatment. 

■ Coronal computed tomography scan is the 
imaging modality of choice in children with 
chronic rhinosinusitis. 

■ Pathophysiology in these children is block¬ 
age of the ostiomeatal complex area. 

■ Surgery is recommended for children who 
fail medical treatment. 

■ Endoscopic sinus surgery is the surgical mo¬ 
dality of choice. 
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Development of the Sinu: 


The ethmoid and maxillary sinuses are present at 
birth. They can be detected radiographically at 5-6 
months of age. The ethmoid sinuses grow rapidly in 
the first few years of life. Their growth slows signifi¬ 
cantly by 7 years of age. They reach full size by 12-14 
years of age. The maxillary sinuses also grow rapidly 
in the first few years of life, mainly during the third 
and fourth years of life. After 7 years of age, growth 
accelerates inferiorly after the permanent teeth have 
erupted. They reach full growth by 15 years of age. 
The frontal and sphenoid sinuses start aerating by 4 
years of age. Their development starts accelerating by 
8 years of age and full development is reached by 18 
years of age. Because of this development, the main 
sinuses involved in children with chronic rhinosinus¬ 
itis are the ethmoid and maxillary sinuses [17]. 


Pathogenesis 


The majority of cases of rhinosinusitis are secondary 
to obstruction of the ostiomeatal unit, which is an 
area located in the middle meatus. This obstruction 
will lead to poor ventilation and stasis of secretions, 
resulting in inflammation or infection. Obstruction 
can be due to several causes, the most common being 
anatomical anomalies, viral infections and allergic 
rhinitis. Certain conditions that can affect mucocili¬ 
ary clearance of the sinuses can also cause rhinosi¬ 
nusitis. Such conditions include cystic fibrosis, ciliary 
dyskinesia and immotile cilia. Several other condi¬ 
tions can affect the development of rhinosinusitis. 
Other than allergic rhinitis, immune deficiencies and 
reflux disease are conditions that may impact the re¬ 
sponse to treatment of rhinosinusitis [4,19, 20]. 
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Classification 


Rhinosinusitis is classified into four categories: 

1. Acute rhinosinusitis: symptoms last up to 2 weeks 
but not more than 4 weeks. 

2. Subacute rhinosinusitis: symptoms last 2-4 weeks 
but not more than 3 months. 

3. Chronic rhinosinusitis: symptoms last more than 
3 months. 

4. Recurrent acute rhinosinusitis: four or more epi¬ 
sodes per year of acute rhinosinusitis. 


il Presentation 


The diagnosis of rhinosinusitis in children can be dif¬ 
ficult. Symptoms can be similar to those of a viral ill¬ 
ness or may mimic allergic symptoms. Also symp¬ 
toms can be similar to those of adenoiditis or some¬ 
times reflux symptoms. Since children average six to 
eight colds a year, the physician should have a high 
index of suspicion for rhinosinusitis. Generally, most 
agree that if symptoms of a cold are not improving by 
10-14 days, rhinosinusitis should be considered [21], 


History 

Symptoms of rhinosinusitis in children may vary by 
age. Younger children present with colored nasal dis¬ 
charge and cough, while older ones will complain of 
nasal stuffiness/obstruction and headache. The most 
common symptoms of chronic rhinosinusitis include 
nasal discharge (75%), cough (73%), nasal congestion 
(72%) and headache (72%) (Fig. 21.1) [10,13,21], 


Physical Examination 

Physical examination in children is usually difficult 
and findings are rarely helpful. Nasal endoscopy can 
be performed in an older cooperative child. Findings 
such as a concha bullosa, nasal polyps, purulent dis¬ 
charge or enlarged adenoids can be helpful findings 
(Fig. 21.2) [21], 


Laboratory Studies 


Diagnostic workup of children with chronic rhinosi¬ 
nusitis should include an allergy evaluation, immune 
deficiency testing, cilia biopsy and reflux evaluation. 


On the basis of the findings, appropriate management 
should be considered. 


Imaging Studies 


Coronal computed tomography (CT) of the sinuses is 
the imaging study of choice for the evaluation of chil¬ 
dren with chronic rhinosinusitis. Plain films in these 
patients have a poor sensitivity and specificity. Plain 
films can be helpful in cases of acute rhinosinusitis. 

For the CT scan to help in the management of chil¬ 
dren with chronic rhinosinusitis, it should be per¬ 
formed at the end of maximal medical management. 
A CT scan is also the preferred imaging modality in 
evaluating children with complicated rhinosinusitis 
[2,14] (Fig. 21.3). 



Rhinorrhea Cough Nasal congestion headache 


Symptoms 

Fig. 21.1. The most common presenting symptoms of chronic 
rhinosinusitis in that children 



Fig. 21.2. Endoscopic view with a 4-mm 0° scope of the left 
nasal cavity of a child showing complete blockage of the choa- 
na by adenoid tissue 
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Fig. 21.3. Coronal computed tomography scan of the sinuses 
of a child with chronic rhinosinusitis through the ostiomeatal 
complex area. It shows disease in the anterior ethmoid, maxil¬ 
lary sinuses and maxillary sinus ostium 


Medical Treatment 


Oral antibiotics are the mainstay of treatment of rh¬ 
inosinusitis in children according to the 2005 prac¬ 
tice guidelines [15]. High-dose amoxicillin or amoxi- 
cillin-clavulanic acid is recommended as first line of 
treatment. Cephalosporins or macrolides can be used 
as a second line of treatment or for those with penicil¬ 
lin allergy. There is no consensus on the duration of 
treatment, but most agree that it should be at least 3- 
4 weeks. Antibiotics can be repeated, depending on 
the response of the child. Adjunct treatment consists 
of topical nasal steroids and oral antihistamines for 
those with allergic rhinitis. Topical or systemic de¬ 
congestants can be used, although studies have not 
shown them to be effective [3], 

The role of intravenous antibiotics for the treat¬ 
ment of children with persistent or recurrent symp¬ 
toms despite oral antibiotic management is still con¬ 
troversial. Parenteral antibiotics did not seem to con¬ 
tribute to a lasting resolution of children with chronic 
rhinosinusitis [16]. Gastroesophageal reflux disease 
has been noted to have a role in the pathophysiology 
of chronic rhinosinusitis in children. The role of re¬ 
flux treatment in these children, however, is still not 
universally accepted [9], Antibiotic prophylaxis to 
prevent infection in children who have recurrent epi¬ 
sodes is also controversial. Little support is expressed 
for this approach based on the otitis media model, be¬ 
cause of concerns of increasing prevalence of antibi¬ 
otic-resistant organisms. Antibiotic prophylaxis may 
be used in patients with cystic fibrosis, immunodefi¬ 
ciency and immotile cilia disorders [1], 


Surgical Treatment 


There is no consensus and there are no guidelines on 
surgical treatment for chronic rhinosinusitis in chil¬ 
dren. Several surgical techniques were used in the 
past for the treatment of children with sinusitis, in¬ 
cluding Caldwell-Luc, intranasal ethmoidectomy, 
maxillary antrostomy and other external procedures. 
Endoscopic sinus surgery (ESS) has been the surgical 
treatment of choice for the last 15 years. The success 
with the procedure has been very rewarding [5-8,]. 


Absolute Indications 


Most otolaryngologists agree that the absolute indica¬ 
tions for surgery are: 


Orbital complications, most commonly sub¬ 
periosteal abscess 

Central nervous system complications 
Severe nasal polyposis 

Suspected benign lesions, tumor or fungal infection 


Relative Indications 


This category includes children who have signs and 
symptoms of chronic rhinosinusitis or children who 
have recurrent acute rhinosinusitis despite adequate 
medical treatment. Controversy prevails about when 
to operate and what procedure to perform [10]. Some 
physicians are of the opinion that an adenoidecto- 
my should be performed on all children prior to ESS 
[18]. Agreements exist that surgery should be a last re¬ 
sort for children with CT evidence of disease who fail 
maximal medical treatment [11,12], 

Relative indications for surgery are: 


Chronic rhinosinusitis with anatomical abnor¬ 
malities 

Children with cystic fibrosis who have compli¬ 
cated pulmonary disease 
Children with symptoms of asthma secondary 
to refractory chronic rhinosinusitis who are 
not responding to systemic steroids 
Children with immotile cilia or immune 
deficiency who are not responding to medical 
treatment of culture and irrigation. 
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Contraindications for surgery are: 


Children with chronic rhinitis without evi¬ 
dence of rhinosinusitis 

Children with a normal CT scan of the sinuses 


Anesthesia 


ESS is done under general anesthesia in children. 
Pledgets impregnated with 0.5% oxymetazoline 
solution are used for topical vasoconstriction. 
Injection of the middle turbinates, uncinate 
processes, bulla ethmoidalis and septum 
adjacent to the middle turbinates with 1% lido- 
caine solution with 1:100,000 epinephrine. 


Preparation for Surgery 

The child is placed supine with the head of table slight¬ 
ly elevated. The results of a CT scan should always be 
in the operating suite to be used as a road map. The 
surgeon should be facing the patient with the monitor 
facing the surgeon. The surgeon can operate looking 
through the scope using a beam-splitter camera, or, 
if so trained, can operate by looking at the monitor. 
If the surgeon is skilled in the procedure, the eyes do 
not need to stay uncovered. A small tape can be used 
to cover them. At this point the anesthesiologist is di¬ 
rected to make sure that the patient received a 0.15 
mg/kg decadron intravenous bolus. 


Instruments Used in Surgery 

The following instruments are used in surgery: 


Rigid scopes (0°, 30° and 70°)preferably 4 mm 
in size 

Straight and upturned Blakesley forceps of 
different sizes. 

Straight and upturned through-cutting for¬ 
ceps. 

A double-blind ostium seeker 
Short and long curved antrum cannulas. 
Right side and left side backward punch cut¬ 
ting forceps 

Frazier suction tubes (3, 5 and 7 French) 

A Cottle elevator 

If possible, a powered microdebrider with ag¬ 
gressive 2.9- and 4-mm blades 


Additional instruments as deemed appropriate 
by the surgeon for frontal sinus and sphenoid 
surgery 


Surgical Procedure 

The 0° 4-mm scope is introduced into the nasal cavity 
after the pledgets have been removed (see “Anesthe¬ 
sia”). If more injection is needed it can be performed 
at this stage. With use of the cottle elevator, the middle 
turbinate is medialized until the uncinate process and 
bulla are visualized. With use of the seeker, the area 
of the maxillary sinus ostium is found and the ostium 
palpated. This can be performed in a retrograde or an 
anterograde manner. I prefer the antegrade technique 
because it prevents the posterior maxillary mucosa 
from stripping (Fig. 21.4).The ostium can then be wid¬ 
ened posteriorly by removing the inferior edge of the 
uncinate process with straight cutting forceps (Figs. 
21.5, 21.6). For retrograde technique, the right-sided 
backbiter can be used to remove the uncinate process 
anteriorly. Care should be taken not to injure the na¬ 
solacrimal duct with this technique. 

A curved angled cannula is then introduced into 
the maxillary sinus for suction. Polyps, cysts or oth¬ 
er debris can be suctioned and removed. All attempts 
should be made not to strip the mucous membrane 
of the sinus. The remainder of the uncinate process is 
then removed using up-biting and backbiting forceps. 
The ethmoid bulla should be now fully visualized. A 
straight biter is used to enter the bulla inferiorly and 
medially. These cells are then removed using straight 
and up-biting forceps (Fig. 21.7). The lamina papyra- 
cea and skull base should be visualized during this 
procedure to avoid any injuries. 

If a posterior ethmoidectomy is needed, the ground 
lamella of the middle turbinate should be identified. 
Penetration through the lamella with a 5-mm Frazier 
suction tube can be performed. Any pathologic con¬ 
tents inside can be suctioned or removed. The anteri¬ 
or table of the posterior ethmoid can be widened. Re¬ 
moval of the mucous membrane of the sinus is not en¬ 
couraged. 

A posterior to anterior dissection is then per¬ 
formed along the skull base, which is easily identified 
in the posterior ethmoid air cells. This can be facili¬ 
tated by using a 30° 4-mm endoscope. Exenteration 
of these cells along skull base can be performed using 
the J curette. These cells can be removed under visu¬ 
alization using up-biting forceps. 

If a posterior ethmoidectomy is not needed, then 
identification of the skull base can be done anterior 
to the basal lamella and a similar posterior to anterior 
dissection is then done. At this point if the frontal si- 























Fig. 21.4. A seeker in the maxillary sinus ostium anterior to Fig. 21.7. Straight Blakesley forceps 
the uncinate process 



Fig. 21.5. Straight cutting forceps removing the uncinate pro- 


nus is diseased, then opening of the frontal recess and 
ostium is needed. 

In most instances, once the uncinectomy is per¬ 
formed, a small residual piece superiorly can be iden¬ 
tified. The seeker is used to palpate just posterior to 
that piece (if not present, palpation in that area is 
done) to enter into the frontal sinus opening. A curved 
suction cannula is then introduced into the sinus for 
inspection. In most instances, the surgeon will alter¬ 
nate between right and left nasal cavities using pled¬ 
gets impregnated with 0.5% oxymetazoline solution 
for control of hemostasis while performing part of the 
procedure on the other side. 

Once the procedure is complete, the cavities are 
packed with hyaluronic acid pledgets rolled up in 
thirds and placed in the ethmoid cavity next to the 
middle turbinate. A nasal drip pad is placed on the 
nose. The eyes are then inspected for any swelling, 
edema, increased pressure or ecchymosis. 



Fig. 21.6. The ostium open after the uncinate has been removed 


Postoperative Care 


All patients are given oral antibiotics for 10-14 days. 
It is recommended that they sleep with the head ele¬ 
vated for 7 days. We discourage blowing of the nose or 
use of nasal sprays for 1-2 weeks. A second-look pro¬ 
cedure is not needed on most patients. Packing will 
be absorbed by around 2-3 weeks and debridement in 
children is not necessary. 


Tips and Pearls 

J Use a 4-mm scope for better visualization 
whenever possible. In most children a 4-mm 
scope can he used instead of a 2.7-mm scope. 





















216 


Hassan H. Ramadan 


21 


Use the 0° and 30° scopes interchangeably 
during the procedure. 

Avoid trauma to the middle turbinate; this will 
decrease the incidence of adhesions consider¬ 
ably. 

If the frontal sinus is not diseased, stay away 
form the frontal recess area to prevent scarring 
in that area. If frontal recess surgery is needed, 
it should be minimal. 

Extreme caution is needed while doing the un- 
cinectomy in children to avoid orbital fat her¬ 
niation. 

The anterograde approach to the maxillary si¬ 
nus ostium will decrease the chances of strip¬ 
ping the mucosa of the maxillary sinus and 
injury of the nasolacrimal duct because there 
will be no need to use the side biter anteriorly. 


Complications 


Complications are very rare in children. They can be 
intraoperative or postoperative: 

1. Intraoperative complications 

(a) Cerebrospinal fluid leak. This needs to be rec¬ 
ognized during the procedure and repaired 
immediately. 

(b) Orbital entry with fat herniation. In most in¬ 
stances the procedure can be completed and 
no intervention is needed. 

(c) Orbital hemorrhage with increased pressure. An 
immediate lateral canthotomy with removal of 
all the packing in the ethmoid on that side. An 
ophthalmology consult should be obtained. 

(d) Stripping of the maxillary sinus mucosa. This 
needs to be recognized otherwise, even though 
the bony ostium is open, the mucosa inside the 
sinus will be collapsed with no ventilation of 
the inside of the sinus. 

(e) Inadvertent injury to the middle turbinate. 

All attempts should be made to preserve it in 
place. 

(f) Bleeding. If bleeding is impairing vision con¬ 
siderably, the procedure should be aborted. 
There is no need to put the patient at risk 
for blood transfusion. If the bleeding is ex¬ 
cessive with respect to the blood volume of 
the child, then the procedure should also be 
aborted. 

2. Postoperative complications 

(a) Bleeding. In most instances it is self-contained. 

Rarely packing or examination in the operat- 9. 
ing room is needed. 


(b) Adhesions. These can be very common de¬ 
pending on the age of the child. If they are not 
causing any symptoms, then they can be left 
alone. If symptomatic and severe, a second- 
look to deal with them would be appropriate. 

(c) Orbital swelling and ecchymosis. If eye pressure 
is high, then proceed as for intraoperative in¬ 
creased pressure. If the pressure is normal and 
the child is cooperative enough, remove the 
packing and observe. 

(d) Cerebrospinal fluid leak. Place the patient on 
complete bed rest, with head elevation, and 
give stool softeners for 1 week. There is no sup¬ 
port in the literature for a lumbar drain. If the 
cerebrospinal fluid leak persists, then consider 
endoscopic repair. 



The endoscopic technique provides superb vi¬ 
sualization and can be used safely for sinus sur¬ 
gery in children once medical therapy fails. It is 
important though to recognize that the majority 
of children with sinus disease respond to medi¬ 


cal treatment. 
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Core Messages 


During the Caldwell-Luc procedure, since 
there is no longer any active transport of mu¬ 
cous within the sinus, drainage must be cre¬ 
ated inferiorly through the inferior meatus. 

Since the floor of the maxillary sinus is low¬ 
er than the floor of the nose, gravity does not 
serve entirely to drain the sinus. Hence, af¬ 
ter a Caldwell-Luc procedure, plain films 
(Caldwell views) of the maxillary sinus will 
forever be abnormal with some degree of 
opacification. 

The external ethmoidectomy approach is a 
classic approach that has been used to ad¬ 
dress a large variety of conditions of the si¬ 
nuses, orbit and skull base. 

Frontal sinus trephination is indicated to 
drain the acutely infected frontal sinus with 
impending orbital or intracranial complica¬ 
tions and as an adjunct to endoscopic explo¬ 
ration of the nasofrontal drainage system. 

The Lynch procedure was used in the treat¬ 
ment of chronic frontal sinusitis in an at¬ 
tempt to reconstruct a large nasofrontal 
drainage pathway via an external approach. 

For the osteoplastic frontal sinus procedure, 
a coronal flap is elevated in a plane superficial 
to the periosteum. 

The lateral rhinotomy is an approach used for 
lesions of the anterior nasal cavity including 
the nasal floor, septum and vestibule. When 
combined with a medial maxillectomy, le¬ 
sions of the posterior nasal cavity, nasal side- 
wall, maxillary sinus cavity and pterygomax- 
illary space can be approached. 

The Weber-Ferguson approach combines the 
lateral rhinotomy with an upper lip splitting 
incision and a lateral horizontal incision be¬ 
low the orbit at the level of the inferior orbit¬ 
al rim. 


■ The midfacial degloving approach provides ex¬ 
posure to the bilateral nasal cavities and max¬ 
illae. 

■ The craniofacial resection approach is used for 
sinonasal neoplasia involving the skull base. 

■ The subcranial approach is an alternative to for¬ 
mal craniofacial resection for tumors of the su¬ 
perior nasal cavity and anterior cranial base. 
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Introduction 


The external approaches to the paranasal sinuses form 
a group of procedures which build on one another 
and can be combined in various ways to gain access 
and exposure to the anatomic regions of the parana¬ 
sal sinuses, orbit, face, anterior and middle skull base. 
These procedures are germane not only to surgery for 
acute and chronic disease of the paranasal sinuses, 
but also to neoplasia that involve these areas and trau¬ 
ma. An endoscope, an operating microscope and/or 
brilliant illumination with a headlight and operating 
loupes, all of which are really just means of improving 
visualization, can certainly be used with these “great¬ 
er” surgical access procedures or with more minimal¬ 
ly invasive or transnasal approaches. Instrumentation 
is by no means tied to access procedures, and the wise 
surgeon will use those instruments and those access 
procedures which best allow him/her to adequate¬ 
ly visualize the relevant anatomy and abnormality in 
such a way as to do his/her patient the maximal good 
with the least amount of harm. Some of these open 
procedures are essentially of historical interest in the 
treatment of chronic rhinosinusitis, but remain wor¬ 
thy of some attention for the treatment of complicat¬ 
ed acute infections, neoplasia, some inflammatory or¬ 
bital conditions and trauma. 


Approaches to the Maxillary Sinus 
and Nasal Sidewall 


The Caldwell-Luc Procedure 

and Antrostomy (Nasoantral Window) 


Indications are: 


Chronic polypoid maxillary sinusitis unre¬ 
sponsive to conservative intranasal procedures 
Acute complicated maxillary sinusitis 
In the treatment of oroantral fistulae 
As a route to biopsy 
Infraorbital nerve 
Maxillary sinus mass 
As an approach to the orbital floor 
To treat fracture 

For orbital decompression of Grave’s ophthal¬ 
mopathy 


The Caldwell-Luc procedure is a sublabial approach 
to the maxillary sinus through the anterior wall un¬ 
der the upper lip. Traditionally it was used to treat 
chronic maxillary sinusitis with irreversible changes 


of the maxillary sinus respiratory epithelium. Dur¬ 
ing the procedure all the lining mucosa of the max¬ 
illary sinus is removed and will be replaced by a rind 
of scar tissue covered by cuboidal nonciliated epi¬ 
thelium as the sinus heals. Because there is no lon¬ 
ger any active transport of mucous within the sinus, 
drainage must be created inferiorly through the in¬ 
ferior meatus. Since the floor of the maxillary sinus 
is lower than the floor of the nose, gravity does not 
serve entirely to drain the sinus. After a Caldwell- 
Luc procedure, plain films (Caldwell views) of the 
maxillary sinus will forever be abnormal with some 
degree of opacification. In recent times, it has been 
felt that creating aeration of the maxillary sinus via 
the natural ostium will allow for healing of the dam¬ 
aged mucosa of chronic sinusitis and reestablish¬ 
ment of the natural drainage system. Theoretically, 
respiratory epithelium within the sinus will regener¬ 
ate. There may still, however, be a role for this oper¬ 
ation in cases in which maximal medical and “func¬ 
tional” surgery of the sinus has failed to restore 
healthy mucosa to a sinus. Attempts have been made 
at obliterating the maxillary sinus with fat and oth¬ 
er substances, but these have never been successful. 
After a well-performed Caldwell-Luc operation, the 
sinus is to some extent “obliterated” by the natural 
course of healing. Other indications for a Caldwell- 
Luc approach include the treatment of oroantral fis¬ 
tulae, the treatment of malignant exophthalmos, as 
an approach to biopsy the infraorbital nerve in cases 
of suspected perineural invasion by cancer, as an ap¬ 
proach to the orbital floor in the treatment of trau¬ 
ma, as an approach to the pterygomaxillary space for 
ligation of the internal maxillary artery in the treat¬ 
ment of resistant epistaxis, and as part of a larger 
operation to treat benign and malignant neoplasms 
of the lateral nasal wall, pterygomaxillary space and 
nasopharynx. 

The operation is performed by retracting the upper 
lip superiorly, most effectively with a Johnson-type 
retractor. The soft tissues overlying the canine fos¬ 
sa are infiltrated with local anesthetic and epineph¬ 
rine. An incision is made centered on the canine fos¬ 
sa, slightly convex inferiorly and extending from just 
short of the midline back to the second or third max¬ 
illary molar. The incision is kept at least 5 mm above 
the gingival edge to allow enough tissue for closure. 
The incision in carried down to bone and then elevat¬ 
ed in a subperiosteal plane superiorly to expose the 
infraorbital foramen and nerve. This elevation is done 
most expeditiously by beginning with a McKenty or 
other small periosteal elevator and then pushing on 
a gauze sponge for further elevation. A 2-mm osteo¬ 
tome is used to create a small opening into the maxil¬ 
lary sinus above the level of the maxillary tooth roots 
and this is then enlarged with a Kerrison-type ron¬ 
geur. Most of the enlargement occurs superiorly up 
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Fig. 22.1. Bone incisions used for the Caldwell-Luc and Den- 
ker procedures 


to and even around the infraorbital nerve (Fig. 22.1). 
The offending maxillary sinus mucosa is then com¬ 
pletely stripped from the sinus. The roof is saved for 
last, realizing that the infraorbital nerve is frequent¬ 
ly dehiscent within the sinus. Great care is taken to 
avoid damage to the infraorbital nerve. A variety of 
small curettes and pituitary-type forceps are used to 
remove all of the mucosa. Slow, steady traction is bet¬ 
ter than rapid tearing to remove large portions of the 
lining mucosa in a single piece. 

Since the respiratory mucosa has been removed, 
the sinus will no longer drain via the natural osti¬ 
um. A nasoantral window is therefore created via 
the inferior meatus. A mosquito-type clamp is in¬ 
serted approximately 1 cm back into the inferior me¬ 
atus to avoid the opening of the nasolacrimal duct. 
The clamp is directed toward the lateral canthus and 
bluntly inserted through the lateral wall of the infe¬ 
rior meatus and spread. A rat-tail rasp, Kerrison for¬ 
ceps or large Blakesley forceps are then used to en¬ 
large the new ostium anteriorly and posteriorly to 
about 1.5-2.0 cm in diameter. If there is no signif¬ 
icant bleeding, no packing is necessary. If bleeding 
persists, the sinus is packed with 0.5-in. gauze im¬ 
pregnated with antibiotic ointment, brought out via 
the nasoantral window. The gauze can be used as a 
file, much like dental floss, to smooth the opening 
of the new antrostomy by sliding it back and forth 
through the antrostomy. Finally the sublabial inci¬ 
sion is closed with interrupted simple absorbable su¬ 
tures. If packing is used, it is left for 1 or 2 days and 
then removed through the nose. 


The Denker Procedure 


Indications are: 


To gain exposure for removal of lesions of the 
nasal sidewall or posterior nasal cavity and 
pterygomaxillary space 
Inverting papilloma 
Juvenile nasopharyngeal angiofibroma 


The Denker procedure is just a modification of the 
Caldwell-Luc operation in which the inferior por¬ 
tion of the ascending portion of the maxilla is re¬ 
moved along the lateral aspect of the pyriform aper¬ 
ture, essentially connecting the inferior meatal na¬ 
soantral window with the opening via the canine 
fossa (Fig. 22.1). In recent times such an approach 
has been termed a partial facial degloving approach 
and may be useful as an approach to benign tumors 
such as juvenile nasopharyngeal angiofibromas or 
inverting papillomas. 


Approach to the Pterygomaxillary Space 

Indications are: 


Control branches of the internal maxillary ar¬ 
tery in the treatment of refractory epistaxis 
Biopsy lesions of the pterygomaxillary space 
Approach to the foramen rotundum or ptery¬ 
goid canal 
Vidian neurectomy 


A transantral approach to the pterygomaxillary space 
can be carried out via a Caldwell-Luc approach with¬ 
out stripping of the sinus mucosa. After opening the 
canine fossa, an operating microscope is used to visu¬ 
alize the posterior wall of the maxillary sinus. A mu¬ 
cosal flap is raised and a small chisel used to crack 
the posterior wall bone. The bone is picked away with 
a curette and then the opening enlarged with Kerri¬ 
son forceps. The posterior periosteum is opened with 
a cruciate cautery cut and the pterygomaxillary space 
then explored with a nerve hook or long alligator for¬ 
ceps. Generally, this procedure is used for ligation of 
the sphenopalatine artery. It can also be used as an 
approach to the vidian nerve. 
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Approaches to the Ethmoid 
and Sphenoid Sinuses 


For external ethmoidectomy/sphenoidotomy indica¬ 
tions are: 


Chronic ethmoid sinusitis unresponsive to con¬ 
servative intranasal procedures. 

As an approach to the orbital apex for optic 
nerve decompression. 

As an approach to the anterior skull base or 
sphenoid sinus in the treatment of CSF rhinor 
rhea or other abnormality, such as encephalo- 
cele. 

As an approach to the lacrimal sac for dacryo¬ 
cystorhinostomy. 

As an approach to the anterior and posterior 
ethmoid arteries in the treatment of refractory 
epistaxis. 

No true ethmoidectomy is necessary, just the 
exploration of the medial orbital wall. 

For the treatment of acute complicated eth¬ 
moid sinusitis. 

Orbital abscess or subperiosteal abscess. 


The external ethmoidectomy approach is a classic ap¬ 
proach that has been used to address a large variety of 
conditions, including acute and chronic infection of 
the ethmoid and sphenoid sinus; as an approach to in¬ 
fections of the orbit; as an approach to the cribriform 
and fovea ethmoidalis in the treatment of CSF fistulae 
and defects of the anterior skull base; as an approach 
to the anterior and posterior ethmoid arteries in the 
treatment of recalcitrant epistaxis; and as a portion of 
several larger operations, such as approaches to the 



Fig. 22.2. Incisions for external ethmoidectomy and frontal 
sinus trephination 


nasofrontal drainage system, maxillectomy and cra¬ 
niofacial resection. 

Prior to beginning an external ethmoidectomy, 
the nasal cavity is packed with cottonoid pledgets 
that have been impregnated with vasoconstrictor. 
The external ethmoidectomy is performed via a gull¬ 
wing incision centered midway between the medi¬ 
al canthus and the midline dorsum of the nose (Fig. 
22.2). The incision is carried down through skin and 
orbicularis muscle. The angular vessels are ligated 
and the periosteum is elevated medially and later¬ 
ally and retracted with stay sutures that are weight¬ 
ed with small hemostats and laid over gauze spong¬ 
es covering the eyes. Sequentially, the anterior lacri¬ 
mal crest, lacrimal fossa and posterior lacrimal crest 
are identifiers. The medial canthal tendon is released 
by dissecting the periosteum from the medial orbit¬ 
al wall and retracting the orbital contents laterally 
with a Sewell retractor. The lacrimal sac is elevated 
out of the fossa and reflected medially. The lacrimal 
duct is preserved. If the lacrimal duct is to be sacri¬ 
ficed as for maxillectomy, it is cannulated at the end 
of the procedure with a double-ended silastic lacri¬ 
mal stent, one end inserted through each lacrimal 
punctum. 

With use of a Sewell retractor to retract the orbit¬ 
al contents laterally, the dissection extends from su¬ 
perficial to deep along the medial orbital wall and 
the lamina papyracea. The anterior and posterior 
ethmoidal arteries are identified and ligated. These 
serve as a landmark to the level of the floor of the an¬ 
terior cranial fossa. The pressure head to these arter¬ 
ies is from the ophthalmic artery on the orbital side 
of the wound. They must not be allowed to retract 
back into the orbit unligated. A hemaclip is applied 
to the orbital side, a bipolar cautery used to cauterize 
the nasal side, and then the vessel is transected me¬ 
dial to the hemaclip. Care is taken to avoid opening 
the periorbita, which leads to the herniation of orbit¬ 
al fat. The ethmoid sinus is then entered via the lac¬ 
rimal fossa and this opening is enlarged toward the 
nasal dorsum with a Kerrison rongeur. The anteri¬ 
or ethmoid cells (agger nasi) are entered with a mas¬ 
toid curette and the mucosa forming the lateral na¬ 
sal wall anterior to the middle turbinate is exposed. 
An incision is made in this mucosa and the nasal 
pledgets previously placed in the nose are identified 
and removed. The middle turbinate and nasal sep¬ 
tum can now be visualized. Using the lamina pap¬ 
yracea, middle turbinate and ethmoid foraminae as 
landmarks, one removes the ethmoid cells from an¬ 
terior to posterior with Blakesley or Takahashi for¬ 
ceps. Approximately the anterior half of the lami¬ 
na papyracea is resected to allow visualization. Re¬ 
member that the plane of the fovea ethmoidalis falls 
inferiorly as one proceeds from anterior to posteri¬ 
or. The orbital contents, cribriform plate and nasal 
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septum are avoided by direct visualization. If nec¬ 
essary, the sphenoid sinus is entered medially and 
inferiorly and its front wall removed with Kerrison- 
type forceps. The middle turbinate is resected at its 
attachment to the skull base with turbinate scissors 
and removed. The maxillary sinus can easily be en¬ 
tered and any Haller cells removed. The frontal si¬ 
nus drainage system is immediately accessible. Ono- 
di cells can be directly visualized along the posteri¬ 
or orbital wall. If an orbital abscess is suspected, the 
periorbita can be incised and the medial orbital con¬ 
tents explored (Fig. 22.3). 

At the conclusion of the procedure, the medial or¬ 
bital periosteum with its attached medial canthal ten¬ 
don is reattached to the nasal periosteum. 
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Approaches to the Frontal Sinu: 


Trephination 

Indications are: 


Acute frontal sinusitis with impending or pres¬ 
ent complications 

As an adjunct to the endoscopic exploration of 
the nasofrontal drainage system 


Frontal sinus trephination is indicated to drain the 
acutely infected frontal sinus with impending orbit- 
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al or intracranial complications and as an adjunct to 
endoscopic exploration of the nasofrontal drainage 
system. In the former case, it can be thought of es¬ 
sentially as draining an abscess. In the treatment of 
acute frontal sinusitis, an incision is made in the su- 
peromedial orbit below the medial brow and carried 
down to the bone of the floor of the frontal sinus in a 
stabbing manner. The incision need only be about 1 
cm in length (Fig. 22.3). Traditionally the trephina¬ 
tion is carried out through the horizontal cancellous 
bone of the roof of the orbit rather than through the 
vertical diploic bone of the anterior frontal sinus wall 
to avoid spreading infection to the diploic space. A 2- 
or 3-mm cutting burr is used to create the trephine 
and the frontal sinus is then irrigated with saline via 
an angiocatheter until this flows freely out the nose. 
An angiocatheter is left in the trephine and irrigated 
3 or 4 times a day with saline and/or a dilute vasocon¬ 
strictor such as oxymetazoline. The patient is treated 
with intravenous antibiotics and the catheter is left in 
place for 3 days. There should be free flow of the irrig- 
ant out the nose (Fig. 22.4). 

When the trephination is used as an adjunct to en¬ 
doscopic surgery in the frontal recess, the catheter is 
irrigated with dilute methylene blue that can be visu¬ 
alized in the nose and used as a guide to the frontal si¬ 
nus drainage pathway. In this case, the catheter is re¬ 
moved at the end of the operation. 


The Lynch Procedure 

Indications are: 


Chronic frontal sinusitis unresponsive to con¬ 
servative intranasal procedures where hope 
still exists of reconstructing the nasofrontal 
drainage system 


Acute, complicated frontal sinusitis 


The Lynch procedure was used in the treatment of 
chronic frontal sinusitis in an attempt to reconstruct 
a large nasofrontal drainage pathway via an external 
approach. The operation began with an external eth- 
moidectomy as described in “Approaches to the Eth¬ 
moid and Sphenoid Sinuses,” but with the upper limb 
of the incision extending further laterally beneath the 
brow. There are so many permutations of the “Lynch 
procedure” that no single method is universally ac¬ 
cepted. The original operation involved removal of 
the entire bony floor of the frontal sinus and strip¬ 
ping of all mucosa along with a complete ethmoidec- 
tomy and removal of the middle turbinate. Remov¬ 
al of the frontal sinus mucosa was difficult because 
of the limited exposure high and lateral. Eventually, 
many surgeons stopped trying to remove the mucosa 
and simply attempted to reconstruct the drainage sys¬ 
tem. The lateral nasal wall mucosal flap was fashioned 
with a superior base and turned up at the conclusion 
of the operation to reline the nasofrontal drainage 
system medially. The reconstructed frontal drainage 
was stented for about 3 months with an endless vari¬ 
ety of materials. The most popular were rolled silastic 
sheeting and cut portions of endotracheal tubes that 
were sewn to the nasal septum. The major complica¬ 
tion of this procedure was restenosis of the nasofron¬ 
tal drainage duct and subsequent mucocele formation 
or recurrent frontal sinus obstruction and infection. 


The Lothrop Procedure 

Indications are chronic frontal sinusitis unresponsive 
to conservative intranasal procedures where hope 
still exists of reconstructing the nasofrontal drainage 
system. 
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Fig. 22.4. A frontal sinus trephination and lynch procedure for 
and brain abscess 


frontal and ethmoid sinusitis complicated by cerebritis 
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The Lothrop procedure is performed via a unilat¬ 
eral or bilateral anterior ethmoidectomy and middle 
turbinectomy. The frontal intersinus septum is resect¬ 
ed along with the most anterosuperior portion of the 
nasal septum, creating a large drainage pathway. In 
cases of unilateral disease, the opposite nasofrontal 
drainage system could theoretically serve as a path¬ 
way for egress of frontal sinus secretions. Like its en¬ 
doscopic counterpart, it works best in frontal sinuses 
with wide anteroposterior dimensions. 


Osteoplastic Frontal Sinus Obliteration 

Indications are: 


Chronic frontal sinusitis unresponsive to con¬ 
servative intranasal procedures. 

As a portion of a craniofacial resection. 

As treatment for fractures of the frontal sinus 
involving the posterior table or with signif- 
cant damage to the nasoethmoid drainage 
system. 


Contraindications are acute frontal sinusitis. This 
may lead to infection of the bone flap. 

The osteoplastic frontal sinus obliteration pro¬ 
cedure remains an important part of the sinus sur¬ 
geon’s armamentarium. Although it can be carried 
out unilaterally, it is generally performed bilaterally 
(Fig. 22.5). The keys to success are complete remov¬ 
al of all frontal sinus mucosa and burring of the inner 
table of bone of the sinus cavity. Generally the sinus is 


obliterated with abdominal fat harvested from the left 
lower quadrant of the abdomen so as not to be con¬ 
fused in the future with an appendectomy incision. 
Montgomery [1] has shown in cats, and personal ex¬ 
perience corroborates, that fat can survive long term 
within the sinus cavity. 

Preoperatively, the patient has a Caldwell-view X- 
ray taken from 6-ft away and the frontal sinus is cut 
out of the film to be used as a template during sur¬ 
gery. Alternatively, one can use intraoperative CT 
guidance or transillumination to delineate the bor¬ 
ders of the frontal sinus. A coronal flap is elevated in 
a plane superficial to the periosteum, down to the su¬ 
praorbital rim. The supratrochlear and supraorbital 
nerves are spared and may be released from foram¬ 
ina as needed. With utilization of the template, or 
other method, the sinus is outlined and an oscillat¬ 
ing or sagittal saw used to cut the frontal bone slight¬ 
ly inside the limits shown by the template. There is 
no need to follow the exact lateral contours of the si¬ 
nus. The saw blade should be greatly beveled in to¬ 
ward the central sinus. At the supraorbital rims, the 
very thick bone must be completely transected; a hor¬ 
izontal bone incision is made at the nasal root. A fine 
osteotome is inserted through the superior bony kerf 
and used to divide the interfrontal sinus septum. The 
osteoplastic flap with vascularized periosteum ad¬ 
herent to its anterior wall is then fractured interior¬ 
ly through the roofs of the orbits. Next, all mucosa 
is painstakingly removed from the frontal sinus, and 
the lining cortical bone is drilled with a cutting burr. 
Small 1-2-mm burrs can be helpful in removing mu¬ 
cosa from small extensions of the sinus. The intersi¬ 
nus septum is completely drilled away. This dissection 
extends down into the nasofrontal drainage system. 
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The sinus is copiously irrigated with saline or bacitra¬ 
cin solution. Small pieces of fat or separately harvest¬ 
ed temporalis muscle are used to obliterate the naso¬ 
frontal drainage system and the frontal sinus is filled 
with atraumatically harvested abdominal fat. The flap 
is then returned to anatomic position and fixed in po¬ 
sition with small wires or miniplates. The periosteum 
is closed with absorbable suture and the coronal skin 
flap closed in layers over closed suction drains that 
exit separate stab wound incisions laterally. 


Approaches to the Skull Base, Orbit, 
Maxilla and Infratemporal Fossa 


Lateral Rhinotomy 
with Medial Maxillectomy 


Indications are: 


For removal of tumors of the nasal sidewall 
Inverting papilloma 

For removal of tumors of the posterior nasal 

cavity or nasopharynx 

Juvenile nasopharyngeal angiofibroma 


The lateral rhinotomy is an approach used for lesions 
of the anterior nasal cavity including the nasal floor, 
septum and vestibule. When combined with a medi¬ 
al maxillectomy, lesions of the posterior nasal cavi¬ 
ty, nasal sidewall, maxillary sinus cavity and pterygo- 
maxillary space can be approached. 

The incision begins at the level of the medial can- 
thus halfway between the canthus and the midline 
nasal dorsum. The incision continues down the nasal 
sidewall, not in the melonasal sulcus, and then joins 
the alar sulcus. The incision is opened in layers down 
to bone along the nasal sidewall and then through 
and through to the nasal vestibule at the alar sulcus. 
A traction suture is placed in the ala. The wound is 
likewise closed in layers. 

When a medial maxillectomy is to be combined 
with this procedure, a total sphenoethmoidectomy 
is performed, the middle turbinate is resected and a 
bone cut is made from anterior to posterior through 
the inferior meatus. 

Postoperatively, the cavity is packed with gauze 
impregnated with antibiotic ointment and brought 
out through and tied over a bolster at the nares. This 
is removed 24-48 h postoperatively. 


Total (Complete) Rhinotomy 

Indications are: 


As a portion of a craniofacial resection 
For bilateral exposure of the midline anterior 
cranial fossa from below 


The total rhinotomy extends the lateral rhinotomy 
across the nasal base below the columella into the op¬ 
posite nasal cavity. The superior aspect of the incision 
is curved up to the midline of the nasal dorsum at the 
radix. Lateral nasal osteotomies are created bilaterally 
as for rhinoplasty and a horizontal osteotomy is made 
across the nasal dorsum just above the nasofrontal 
suture line. The nasal septum is divided in a caudal 
to rostral direction and carried up to connect with 
the osteotomy at the nasal dorsum. The entire nasal 
structure is then displaced to the contralateral side, 
hinged at the opposite nasal osteotomy and pedicled 
on the contralateral facial skin and soft tissues. This 
approach affords exposure of the entire nasal cavi¬ 
ty bilaterally. It is most commonly used as the inferi¬ 
or portion of a craniofacial resection. At the comple¬ 
tion of the procedure, the remaining caudal septum is 
reapproximated with through-and-through mattress 
sutures of absorbable material and the nasal bones are 
reaffixed with small fracture plates and screws. 


Weber-Ferguson Approach 

Indications are: 


For maxillectomy with or without orbital exen¬ 
teration in the treatment of neoplasia of the 
maxillary sinus 

In the treatment of acute mucormycosis of the 
sinonasal cavities 

As part of a facial translocation approach to 
the anterior and/or central skull base 


The Weber-Ferguson approach combines the lateral 
rhinotomy with an upper lip splitting incision and a 
lateral horizontal incision below the orbit at the level of 
the inferior orbital rim. This creates a large cheek flap 
that is displaced laterally allowing visualization of the 
entire front wall of the maxilla. This approach is used 
most commonly for a total maxillectomy. If an orbit¬ 
al exenteration is to be included in the procedure, the 
incision is carried circumferentially around the palpe¬ 
bral fissure. It is usually best to include the eyelid skin 
in the resection. At the completion of the procedure, 
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the undersurface of the cheek flap, and orbit if neces¬ 
sary, is lined with a split thickness skin graft. Alterna¬ 
tively, the cavity can be obliterated with a tissue graft; 
most commonly a rectus abdominus free flap. 

Midfacial Degloving 

Indications are: 


As part of a maxillotomy, maxillectomy or oth¬ 
er bony access procedure to gain exposure to 
the maxillary sinuses, posterior nasal cavities, 
pterygomaxillary space and nasopharynx 
Juvenile nasopharyngeal angiofibroma 


Contraindications are: lesions at the high anterior na¬ 
sal cavity or skull base. 

The midfacial degloving approach is carried out 
through a sublabial, gingivobuccal incision that ex¬ 
tends from one maxillary tuberosity to the other. The 
flap is raised bilaterally as with a Caldwell-Luc pro¬ 
cedure. In the midline, the nasal spine is exposed. A 
complete septocolumellar transfixion incision is com¬ 
bined with bilateral intercartilaginous incisions, be¬ 
tween the upper and lower nasal cartilages, to create 
bilateral circumferential incisions in the nasal vesti¬ 
bule. The entire bilateral cheek flap is then raised over 
the upper lateral nasal cartilages and nasal bones up 
to the level of the inferior orbital rim and nasofrontal 
suture line. This approach provides exposure to the 
bilateral nasal cavities and maxillae. It is used to ap¬ 
proach tumors of the posterior nasal cavity and naso¬ 
pharynx such as angiofibromas. It can also be used as 
the inferior portion of a craniofacial approach, though 
the presence of the nasal bones and upper lateral car¬ 
tilages somewhat limit the exposure (Fig. 22.6). 
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Craniofacial Resection 


Indications are sinonasal neoplasia involving the 
skull base. 

Contraindications are: 


Extensive brain parenchyma involvement 
Extensive bilateral orbital involvement requir¬ 
ing bilateral orbital exenteration 


The inferior portion of a craniofacial resection can 
be performed via a lateral rhinotomy for well-later- 
alized lesions, a total (complete) rhinotomy for more 
central lesions or a midfacial degloving approach for 
more posterior lesions. After the nasal cavity/cavities 
is/are exposed, unilateral or more commonly bilater¬ 
al external ethmoidectomies are performed entering 
the sphenoid sinus/sinuses). The remaining posterior 
parts of the nasal septum, consisting of perpendicu¬ 
lar plate of ethmoid and vomer bone, are transected 
in a horizontal, ventral to dorsal plane. The superi¬ 
or approach is accomplished via a frontal craniotomy, 
usually via a coronal flap, and working from above 
and below, one blocks the abnormality out under di¬ 
rect visualization. A pericranial flap pedicled on the 
supratrochlear and supraorbital arteries is used to re¬ 
line the floor of the anterior cranial cavity. 


Subcranial Approach 


Indications are: sinonasal neoplasia involving the an¬ 
terior skull base. 



Fig. 22.6. Midfacial degloving approach used for juvenile nasopharyngeal angiofibromas 
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The subcranial approach is an alternative to for¬ 
mal craniofacial resection for tumors of the superior 
nasal cavity and anterior cranial base. The approach 
is performed through a coronal or brow incision 
with extensive soft-tissue undermining inferiorly to 
the level of the pyriform aperture. The central por¬ 
tion of the front wall of the frontal sinus, in continu¬ 
ity with the bilateral nasal bones, is removed. Bilat¬ 
eral external ethmoidectomies are performed. The 
back wall of the frontal sinus is removed and a di¬ 
rect line of vision along the central floor of the an¬ 
terior skull base is obtained. The tumor is removed 
under direct vision and the anterior skull base re¬ 
lined with free tissue grafts or a pericranial flap if it 
remains vascularized. 



External approaches to the paranasal sinuses form 
a group of procedures that can be combined in a 
variety of ways to gain access to the paranasal si¬ 
nuses, orbit, pterygomaxillary space and anterior 
and central skull base. 


In the treatment of chronic rhinosinusitis, for 
which they were first developed; like open cho¬ 
lecystectomy for cholelithiasis, they are increas¬ 
ingly becoming of historical interest and are less 
familiar to young surgeons training in the pres¬ 
ent day. 

Nonetheless, these "greater" operations on the 
paranasal sinuses remain useful in the treatment 
of complicated acute infections and in the treat¬ 
ment of neoplasia and certain inflammatory con¬ 
ditions of the area. 


Reference 


1. Montgomery WW (1979) Surgery of the Upper Respira¬ 
tory System, 2nd edn, vol. 1. Lea & Febiger, Philadelphia 


22 









Combined Open and Endoscopic 
Techniques: "Above-and-Below" 
Functional Endoscopic Sinus Surgery 

Rhoda Wynn, Winston C. Vaughan 

23 


Core Messages 


■ Certain patterns of frontal recess pneumati- 
zation or altered frontal recess anatomy due 
to previous surgery, extensive inflammatory 
disease or neoplasms may limit the standard 
endoscopic sinus approach. 

■ When endoscopic visualization or the result¬ 
ing sinusotomy is inadequate and an open 
osteoplastic approach would seem too “ag¬ 
gressive,” a combined “above-and-below” 
approach with trephination and endoscopic 
frontal sinusotomy may be appropriate. 

■ Specific situations in which a combined ap¬ 
proach may be necessary include large or lat¬ 
erally based frontal sinus cells, lesions of the 
frontal sinus far lateral to the plane of the 
lamina papyracea, a history of trauma, prior 
surgery or complicated infections. 

■ Endoscopic frontal sinusotomy should be 
performed first, followed by trephination, if 
required. 
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Introduction 


Safe and successful frontal sinus surgery continues to 
be a technical challenge for sinus surgeons. The ana¬ 
tomical variations of the frontal recess and frontal si¬ 
nus as well as the proximity of critical structures such 
as the cribriform plate, lamina papyracea and the an¬ 
terior ethmoid artery all contribute to the complexi¬ 
ty of performing frontal sinus surgery. Major advanc¬ 
es in imaging, instrumentation and the emergence of 
image-guided surgery appear to have dramatically 
improved the ability to manage frontal sinus disease 
endoscopically [4, 8,10]. Utilization of minimally in¬ 
vasive approaches to the frontal sinus is now consid¬ 
ered the preferred approach to frontal sinus surgery. 
However, there are situations in which an exclusive¬ 
ly endoscopic approach may provide insufficient vi¬ 
sualization or an inadequate dissection, but the exter¬ 
nal frontal sinus obliteration would be considered too 
aggressive or destructive. For example, it may be dif¬ 
ficult to safely access a diseased laterally-based fron¬ 
tal recess cell through an endoscopic approach. Other 
situations in which the “above-and-below” approach 
may be appropriate are when the frontal sinus lesion 
is far lateral to the plane of the lamina papyracea or 
when frontal sinus anatomy is altered by trauma, pri¬ 
or surgery or complicated infections [1, 5, 6, 9], In 
these types of cases, endoscopic sinus surgery may be 
enhanced with an adjunctive frontal sinus trephina¬ 
tion. 


Indications and Contraindication: 


Indications are: 


Facilitate endoscopic frontal recess dissection 
Laterally based frontal sinus lesions 
Type III or type IV frontal sinus cells 
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Large benign tumors or inflammatory lesions 
involving the frontal sinus (e.g., inverted pap¬ 
illoma, osteoma, fibrous dysplasia) 

History of frontal sinus trauma with a distort¬ 
ed frontal recess or need to evaluate the poste¬ 
rior frontal wall 

Distorted anatomy in the frontal recess 
Revision cases with extensive scarring or 
osteoneogenesis in the frontal recess 
Pott’s puffy tumor (subperiosteal abscess and 
frontal bone osteomyelitis) 

Aid visualization during a modified Lothrop/ 
Draf III procedure 


Potential contraindications are: 


Aplastic or hypoplastic frontal sinus 
Malignant tumor 


Tips and Pearls 

1. Key landmarks should be confirmed during 
frontal recess dissection. These include: 

(a) Lamina papyracea medially 
(h) Skull base superiorly 

(c) Anterior ethmoid artery posteriorly 

(d) Middle turbinate and its attachment to the 
skull base 

(e) Nasofrontal bone/beak 

2. The standard incision is in the medial eyebrow 
through the anterior wall of the frontal sinus; 
however, the location is flexible and may be 
adjusted laterally, superiorly or inferiorly as 
needed to better address the preoperatively 
identified abnormality. 

3. While the anterior table trephination incision 
offers a better view of the frontal recess, it 
should not be larger than 8 mm owing to the 
risk of postoperative cosmetic deformity. 


23 


Preoperative Evaluation 


Patients should have medically maximized manage¬ 
ment of their frontal sinus disease before surgery are 
considered. Nasal endoscopy is performed during the 
preoperative evaluation. High-resolution computed 
tomography (CT) of the sinuses and frontal recess¬ 
es, including sagittal reconstructions, facilitates the 
surgeon’s understanding of the patient’s specific fron¬ 
tal pneumatization and provides information neces¬ 
sary to optimize planning of the procedure. Magnetic 
resonance scanning may be necessary in some cases 
such as in posterior table loss and potential enceph- 
aloceles. 


General Principl* 


The operative technique for a combined endoscopic 
and open approach was initially described by Wigand 
et al. [11], Subsequent publications reported utiliza¬ 
tion of a similar variation or modifications of this 
technique [1-3, 5-7]. 

Trephination is quick, technically-straightforward 
and does not require extensive endoscopic training. It 
is done using standard and readily available surgical in¬ 
struments and often without image-guidance systems. 
Frontal sinus trephination results in a small external 
scar and is very well-tolerated by patients in the post¬ 
operative period. Ease of endoscopic and radiographic 
surveillance after surgery is also noted in comparison 
with the other open frontal sinus procedures. 


Surgical Techniqui 


The surgical technique is demonstrated in Video 23.1 

The patient is prepped and draped as for endoscop¬ 
ic sinus surgery. The nasal cavities are decongested. 
The image-guidance system, if used, is calibrated and 
verified. The endoscopic portion of the surgery should 
be completed first using an angled 30° telescope. 

The uncinate process is resected completely to cre¬ 
ate additional space for endoscopic work as well as to 
help enlarge the frontal sinus outflow tract. The supe¬ 
rior uncinate process may attach to the middle turbi¬ 
nate, lamina papyracea or the skull base; careful re¬ 
view of the sinus CT scan to determine the attach¬ 
ment point will help avoid inadvertent injury. 

Maxillary antrostomy may be performed to serve 
as a landmark. The ethmoid bulla is then removed 
and traced to the skull base. Care should be taken to 
identify and preserve the lamina papyracea and the 
anterior ethmoid artery. If a sphenoethmoidectomy 
is planned, it should be performed at this time. The 
skull base should be identified posteriorly at the sphe¬ 
noid face; extirpation of the ethmoid air cells can then 
be performed by following the skull base from poste¬ 
rior to anterior. If sphenoethmoidectomy is not indi¬ 
cated, then dissection may stop at the basal lamella, 
which is traced to the skull base. 

The agger nasi cell, which is present in most pa¬ 
tients, should be identified. It appears as a bulge of the 
lateral nasal wall at the junction of the lateral nasal 
wall and the middle turbinate. It should be removed 
downward and the frontal recess opened with muco¬ 
sal preservation. The frontal recess cells, supraorbit- 
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al cells and intersinus cells are removed endoscopi- 
cally. The frontal recess is then widened using curved 
mushroom punches, giraffe forceps, seekers and lim¬ 
ited use of microdebriders to remove obstructive cells 
or maximize mucosal preservation. Switching to an 
angled 70° telescope may enhance the view of the 
frontal recess during this portion of the procedure. 

When the endoscopic dissection is completed to 
the greatest and safest extent possible, the external 
(“above”) portion of the procedure is begun. Instru¬ 
ments that may be added to the endoscopic tray to use 
during the external trephination portion of the pro¬ 


cedure are shown in Fig. 23.1 and are as follows: dou¬ 
ble-pronged hooks or a small self-retaining retractor; 
straight suction, fine-tipped scissors, Adson forceps 
with teeth; a scalpel; a 4-mm drill bit and drill. The 
surgical field is first prepped. If used, an image-guid¬ 
ance system may assist in determining the optimal lo¬ 
cation of the eyebrow incision and the frontal sinus 
entry point. Sagittal images are extremely useful. 

The standard incision is in the brow medial to the 
supraorbital neurovascular bundle and through the 
floor of the frontal sinus (Figs. 23.2, 23.3). The loca¬ 
tion may be adjusted laterally, inferiorly or superiorly 
as required to improve access. For instance, this inci¬ 
sion could be moved further laterally to the supraor¬ 
bital notch to improve access to far-lateral mucoceles. 
Going through the floor or medial frontal sinus may 
lead to frontal recess injury, scar or blockage. 

If the patient is wearing a navigation headset, it 
should be carefully moved up off the patient’s face 
while the trephination incision is performed. Li- 
docaine with epinephrine is used to infiltrate the 
planned incision. A 1-2-cm incision, beveled paral¬ 
lel to the hair shafts, is made in the selected loca¬ 
tion. Two skin hooks or a very small self-retain¬ 
ing retractor are placed in the opening and the in¬ 
cision is carried down to the bone. A 4-mm drill 
bit is then used to create the trephination incision 
(Fig. 23.4). The trephination opening may be care¬ 
fully enlarged to the desired diameter with Kerri- 
son rongeurs. 

The endoscope (30°, 45° or 70°) is then returned to 
the trephination orifice (“above”) and angled instru¬ 
ments are used to complete the surgery from within 


Fig. 23.2. Trephination 
incision in the medial 
eyebrow 










232 


Rhoda Wynn, Winston C. Vaughan 


Fig. 23.3. Trephination 
location shown on an 
image-guidance system 
(cadaveric specimen) 


Fig. 23.4. A 4-mm burr is 
used to create the trephina¬ 
tion opening through the 
anterior table 




the nose (“below”), as shown in Figs. 23.5 and 23.6. 
With a sufficiently large trephination (not more than 
8 mm), the endoscope and instruments could also 
be introduced simultaneously through the opening 
to perform the procedure. Instruments may also be 
passed through the trephination opening and visual¬ 
ized by the endoscope from below (Fig. 23.7). 


If the frontal recess is still difficult to visualize 
from below with an angled scope, then the frontal si¬ 
nus can be irrigated from above [7,9]. A small amount 
of methylene blue or fluorescein may be added to the 
irrigation solution to aid visualization. If desired, at 
the conclusion of the procedure, a stent may be placed 
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Fig. 23.5. Reverse 70° en¬ 
doscope inserted through 
the trephination incision. 
The angled microdebrider 
has been inserted endo- 
nasally under endoscopic 
visualization from above 



from below with visualization from above. The exter¬ 
nal incision is closed in two layers. 


Complications and Outcomes 


The trephination incisions usually heal well and are 
hidden near the eye brow, but cosmetic deformity is 
a risk. Other possible complications include osteomy¬ 
elitis, nasofrontal duct stenosis with chronic sinus¬ 
itis, trochlear or extraocular muscle injury, injury to 
the medial canthal ligament, hemorrhage and blind¬ 
ness. Injury to the posterior table may cause a dural 
tear, meningitis, intracranial abscess, hemorrhage or 
even frontal lobe trauma. Long-term complications 
include mucocele or pyocele. Patients should also be 
counseled regarding possible numbness in the distri¬ 
bution of the supratrochlear and supraorbital nerves 
if the supraorbital notch neurovascular bundle is in¬ 
jured. 

In 1997, Bent et al. [3] used the combined endo¬ 
scopic frontal sinusotomy and trephination on 11 pa¬ 
tients with frontal sinus mucoceles with cure or im¬ 
provement in all patients at a mean follow-up of 19 
months. In 2001, Benoit and Duncavage [2] reviewed 
40 patients who underwent 62 combined trephina¬ 
tion and frontal sinusotomy procedures with stent 
placement; they reported 79% patency of the frontal 
ostium and 78% subjective patient improvement at a 



Fig. 23.6. Frontal sinusotomy as viewed from “above” through 
the trephination incision 


mean follow-up of 12 months. The average length of 
stent placement was 5 weeks. More recently, in a 22- 
patient series by Batra et al. [1], endoscopic patency of 
the frontal sinusotomy was 86% with a mean follow¬ 
up of 16 months. Headache and orbital symptom res¬ 
olution or improvement was noted in 82 and 88% of 
the patients, respectively. 
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Postoperative Care 


References 


Patients should perform nasal saline irrigation post- 
operatively. Antibiotic and steroid courses are not 
necessary, but may be used if indicated. The first post¬ 
operative visit should take place about 1 week after 
surgery to allow monitoring of healing and gentle de¬ 
bridement of the nasal cavity. Frontal recess instru¬ 
ments and 30° and 70° endoscopes should be avail¬ 
able for this purpose. Suture removal occurs during 
the first postoperative visit. If placed, stents should re¬ 
main about 6 weeks. 


Conclusion 


While exclusively endoscopic approaches are prefera¬ 
ble during endoscopic frontal sinus surgery, in some 
situations, surgical access is inadequate. The tech¬ 
nique of concomitant endoscopic sinus surgery and 
frontal sinus trephination improves access and en¬ 
hances visualization and surgical precision to the re¬ 
mote regions of the frontal sinus. Furthermore, the 
technique is simple, well-tolerated and easily incor¬ 
porated into practice with common surgical instru¬ 
mentation. 
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Core Messages 


Standard endoscopic techniques allow for 
management of the majority of frontal sinus 
abnormalities. However, the strictly endo¬ 
scopic approach has its limitations for man¬ 
agement of chronic frontal sinus disease, es¬ 
pecially in the setting of osteoneogenesis. 

Endoscopic transseptal frontal sinusotomy 
(TSFS) is a novel surgical approach that uti¬ 
lizes the unique relationship of the frontal si¬ 
nus floor to the midline septum. 

Successful execution of TSFS requires that 
the frontal sinus floor has a minimum ante¬ 
rior-posterior diameter of approximately 1.0 

TSFS can be utilized even in cases where the 
severity of the stenosis prohibits cannulation 
of the frontal recess as a primary landmark. 

Translocation of the nasal septum, especial¬ 
ly in cases of a narrow nasal vault, facilitates 
improved visualization and instrumentation 
during TSFS. 

TSFS is a functional approach that decreas¬ 
es morbidity, improves cosmesis, and allows 
for endoscopic and radiographic surveillance 
postoperatively. 


Introduction 


The drainage pathway of the frontal sinus is hidden 
from direct endoscopic view by a complex and vari¬ 
able pattern of cells in the frontal recess. The prox¬ 
imity to critical structures, including the skull base 
and the orbit, further adds to the challenge of safe and 
successful surgery of the frontal sinus. The advent of 
endoscopic surgical techniques and the evolution of 
sophisticated frontal sinus instrumentation and com¬ 
puter-aided surgery have greatly facilitated the en¬ 
doscopic management of frontal sinus disease [7, 10]. 
Despite these advances, frontal sinus disease remains 
refractory in a subset of patients. This is often relat¬ 
ed to neoosteogenesis resulting in complete or near- 
complete stenosis of the frontal recess. Resection of 
the middle turbinate, and consequent stenosis of the 
frontal recess, is often a contributing factor in this pa¬ 
tient population [11], 

The purely endoscopic approach is generally inade¬ 
quate for treatment of chronic frontal disease in these 
patients. In the past, external approaches such as fron¬ 
tal sinus obliteration or cranialization were required 
in this setting. These open techniques have been asso¬ 
ciated with significant morbidity. In 250 consecutive 
osteoplastic procedures, Hardy and Montgomery [5] 
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reported an operative complication rate of 19% and 
an intraoperative CSF leak rate of 2.8%. Furthermore, 
obliteration precludes radiographic surveillance in 
the postoperative period and has been associated with 
delayed mucocele formation [12], 

This difficult subset of patients can now be man¬ 
aged by extended endoscopic approaches to the frontal 
sinus. In 1991, Draf [2] described a combined micro¬ 
scopic and endoscopic technique for drainage of the 
frontal sinus. By utilizing the operating microscope, 
the lateral bony walls were preserved, thus preventing 
medial collapse of the orbital soft tissues with subse¬ 
quent obstruction of the frontal recess. In 1995, Gross 
et al. [4] described a purely extended endoscopic ap¬ 
proach to create a similar common frontal sinus open¬ 
ing. In this procedure the frontal recess is cannulat- 
ed and a posteriorly guarded drill is used to resect the 
frontal sinus floor from both sides. However, the suc¬ 
cess of this technique hinges on the ability to cannu- 
late the frontal recess, which is not always technically 
feasible in cases of severe frontal recess stenosis. 

The surgical technique of TSFS builds on the con¬ 
cepts of these previous techniques and augments the 
management of chronic frontal sinus disease in this 
setting. 


Tips and Pearls 

TSFS utilizes the unique relationship of the na¬ 
sal septum to the midline frontal sinus floor 
and, thus, allows for entry into the medial 
frontal sinus floor where the bone is thinnest, 
especially in cases of extensive neoosteogen¬ 
esis that preclude identification and cannula- 
tion of the frontal recess. 


Similar to Draf III and the endoscopic modified 
Lothrop procedure, TSFS provides good access to the 
midline frontal sinus floor and permits but does not 
require intersinus septum removal [8,9], In addition, 
TSFS offers several theoretical advantages over fron¬ 
tal sinus obliteration, including decreased morbidi¬ 
ty, improved cosmesis, and ease of endoscopic and ra¬ 
diographic surveillance postoperatively. 


Indications and Contraindication; 


Indications are: 


Chronic frontal sinusitis after failed endoscopic 
sinus surgery, especially in the setting of “neo¬ 
osteogenesis” or middle turbinate resection 
Frontal sinus mucocele formation 
(Figs. 24.1, 24.2) 



Fig. 24.1. Coronal computed tomography (CT) scan demon¬ 
strating evidence of mucocele formation in the central frontal 
compartment in the setting of a previous osteoplastic flap with 
fat obliteration 



Fig. 24.2. Coronal Tl-weighted MRI without contrast dem¬ 
onstrates central compartment mucocele 











Endoscopic Transseptal Frontal Sinusotomy 



Fig. 24.3. Coronal Tl-weighted MRI with contrast demon¬ 
strates an extensive left ethmoid squamous cell carcinoma 
abutting the skull base and extending into the left orbit. Trans¬ 
septal frontal sinusotomy (TSFS) was utilized to achieve the 
anterior margin of the anterior skull base resection 



Fig. 24.4. Coronal CT scan illustrating the Y-shaped bony at¬ 
tachment of the nasal septum to the floor of the frontal sinus. 
Note evidence of mucocele formation in the left frontal sinus. 
(Reprinted from Fig. 27.2 in [1] with kind permission from 
Springer Science+Business Media) 


Inverted papilloma 

Sinonasal malignancies (Fig. 24.3) 

Fibroosseous lesions 

Trauma 


Contraindications are: 


Lack of requisite expertise with extended endo¬ 
scopic frontal sinus approaches 
Unavailability of required specialized surgical 
instrumentation, including drills and image 
guidance 

Frontal sinus floor with an anterior-posterior 
diameter less than 1.0 cm 


Patient Selection/Preoperative Planning 


All patients are deemed refractory to maximal med¬ 
ical therapy, including culture-directed antibiotics 
and systemic steroids, prior to consideration of fron¬ 
tal sinus surgery. Candidacy for TSFS is based on 
careful consideration of all surgical options. General¬ 
ly, patients with significant osteoneogenesis not ame¬ 
nable to standard endoscopic frontal techniques are 
considered candidates. Furthermore, TSFS may also 
be considered as an adjunct approach in patients with 
benign or malignant neoplasms involving the fron¬ 
tal sinus or the anterior skull base. Consent is also ob¬ 


tained for adjunct open approaches (endoscopic fron¬ 
tal trephination, osteoplastic flap without oblitera¬ 
tion) in cases where strict endoscopic approaches may 
not achieve the desired surgical objective. 

A detailed computed tomography (CT) review is 
performed prior to considering surgical interven¬ 
tion. Review of triplanar CT images on an image- 
guidance computer station facilitates understand¬ 
ing of the complex three-dimensional relationships of 
the frontal recess. Images are evaluated to determine 
the frontal sinus pneumatization patterns, including 
the nature of agger nasi pneumatization, presence of 
frontal cells, supraorbital ethmoid cells, suprabullar 
and frontal bullar cells, and/or intersinus septal cells, 
and frontal sinus mucocele formation. Y-shaped na¬ 
sal septal attachment to the floor of the frontal sinus is 
sought (Fig. 24.4). Imaging is also assessed for the re¬ 
lationship of the middle turbinate to the frontal sinus 
and the integrity of the skull base in the area of the 
proposed dissection. The width and the depth of the 
frontal sinus floor are estimated in either direct coro¬ 
nal or reconstructed sagittal planes on CT images. 


Tips and Pearls 

An anterior-posterior frontal sinus floor diam¬ 
eter of approximately 1.0 cm is considered a 
requisite for safe endoscopic drilling; a diam¬ 
eter less than this is considered a relative 
contraindication and limitation to successfully 
performing the TSFS (Fig. 24.5). 
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Fig. 24.5. Sagittal CT scan demonstrating narrow anterior- 
posterior dimensions of the frontal sinus. (Reprinted from [8], 
with permission from Elsevier) 


Operative Technique 


All surgical procedures are performed under gener¬ 
al anesthesia. The patient is positioned, prepped, and 
draped as for routine endoscopic sinus surgery. Al¬ 
though this technique was first utilized without com¬ 
puter-aided technique, it is now typically performed 
using image guidance. This helps confirm critical an¬ 
atomic landmarks throughout a technically demand¬ 
ing procedure. At the outset of the procedure, oxym- 
etazoline on pledgets is instilled in each nasal cavity 
to achieve maximal vasoconstriction. Injections with 
1% lidocaine with 1:200,000 epinephrine are per¬ 
formed bilaterally on the septum, lateral nasal wall 
(agger nasi region), and middle turbinate remnant. A 
bilateral greater palatine foramen block is also per¬ 
formed with the same agent. Adjacent paranasal sinus 
disease, if present, is addressed prior to performing 
the TSFS, as superiorly created bleeding with TSFS 


can result in significant difficulty in performing the 
remaining procedures. 

The septum may be endoscopically mobilized to 
one side for surgical access; this facilitates improved 
visualization and instrumentation in cases of a nar¬ 
row nasal vault. The technique for endoscopic septo¬ 
plasty has been previously described [6]. A hemitrans- 
fixion incision is created with an ophthalmic crescent 
knife (Alcon Labs, Ft. Worth, TX, USA) at the muco¬ 
cutaneous junction on the appropriate side of the sep¬ 
tum. After adequate subperichondrial dissection, the 
quadrilateral cartilage is separated at the bony-carti¬ 
laginous junction and the anterior septum is mobi¬ 
lized from the maxillary crest. Resection of any devi¬ 
ated portions of septal cartilage and bone further im¬ 
proves surgical exposure. A high septal perforation is 
then created. 

Regardless of whether or not septal mobilization is 
required, a 1.5-2-cm endoscopic partial septectomy 
including bone and mucosa is performed. This leads 
to a permanent superior septal perforation that is cre¬ 
ated just across from the leading edge of the middle 
turbinate/agger nasi region below the skull base. This 
permits further exposure, ventilation, future endo¬ 
scopic inspection, and sinus debridement through the 
nasal cavity postoperatively. The incisions for the per¬ 
foration are created utilizing an ophthalmic crescent 
knife. Through-cutting endoscopic forceps or a soft- 
tissue shaver help complete the perforation. 

The floor of the frontal sinus is identified intraop- 
eratively by surgical navigation or, alternatively, by 
using anatomic landmarks that are helpful in gauging 
the position of the frontal sinus relative to the cribri¬ 
form plate. 


Tips and Pearls 

The midline position of floor of the frontal si¬ 
nus is typically located posterior-superior to 
the most anterior-superior aspects of the sep¬ 
tal bony-cartilaginous junction. 


This location is approximated adjacent to the most 
anterior remnant or root of the middle turbinate and 
the agger nasi region. This is considerably more ante¬ 
rior than the position of the naturally occurring fron¬ 
tal recess area. In patients with a Y-shaped septum at 
the floor of the frontal sinus, the midline floor of the 
frontal sinus has an appearance similar to that of the 
anterior wall of the sphenoid sinus that has been de¬ 
scribed during transsphenoidal surgery. It appears as 
the “prow of a ship,” albeit in a much narrower re¬ 
gion. 

After careful inspection of the roof of the nasal 
vault, the frontal sinus is entered. The evolution of 
surgical instrumentation has permitted the use of an¬ 
gled drills with concurrent suction/irrigation to min- 






Chapter 24 


239 


Endoscopic Transseptal Frontal Sinusotomy 

imize heat-related damage to bone and surrounding 
soft tissues. Straight drills may also be used without 
concurrent suction irrigation; in these cases, irriga¬ 
tion can be applied through a 5-Fr ureteral catheter 
positioned into the operative field through the con¬ 
tralateral nares. Alternatively, depending upon the 
thickness of the floor of the sinus, curetting may be 
sufficient to enter the frontal sinus and resection of 
the floor may be performed using through-cutting 
punches [3], 

After successful entry into the frontal sinus lumen, 
the opening can be enlarged further by drilling ante¬ 
riorly and laterally, if clinically indicated. Depending 
on the extent of the disease, dissection can be carried 
laterally to include the frontal recess. 


Tips and Pearls 

Note that the frontal recess is located posteriorly 
relative to the midline frontal sinus floor and, 
thus, drilling directly across from one frontal 
recess to the other should be avoided. 


This straight path of drilling will traverse the olfac¬ 
tory fossa and anterior cranial vault and place the 
patient at risk for iatrogenic CSF leak or even intra¬ 
cranial injury. Meticulous preservation of the mu¬ 
cosa within the frontal sinus/recess is imperative 
throughout the procedure. The reduction of mu¬ 
cosal injury minimizes bone exposure and reduc¬ 
es risk of delayed frontal stenosis. The inferior as¬ 
pect of the intersinus septum may be resected to cre¬ 
ate a “neoostium” and to provide a common outlet 
for both right and left frontal sinuses at the midline 
(Fig. 24.6). 

If septal dislocation is required at the beginning of 
the procedure, this is now corrected. The hemitrans- 
fixion incision is closed with interrupted 4-0 chro¬ 
mic sutures. The septal flaps are re approximated with 
a running transseptal mattress type closure with 4-0 
plain gut suture on a Keith needle. Packing is not typ¬ 
ically required in these cases. 


Postoperative Care 



Fig. 24.6. C-shaped “neoostium” surgically created via TSFS. 
(Reprinted from Fig. 27.4b in [1] with kind permission from 
Springer Science+Business Media) 



Fig. 24.7. Healed neoostium 1 year after TSFS in the patient 
with frontal sinus mucocele presented in Figs. 24.1 and 24.2 


All extended frontal sinus approaches require com¬ 
mitment to postoperative care. Meticulous debride¬ 
ment of fibrin and clots is initiated 1 week after sur¬ 
gery and continues on a weekly to biweekly basis until 
all healing is complete. Culture-directed antibiotics 
and systemic steroids, if clinically indicated, and ag¬ 
gressive saline irrigations are continued during the 
healing process. Figure 24.7 demonstrates the healed 
endoscopic appearance of the “neoostium” at 1 year 
after TSFS. 


Advantages and Disadvantagi 


Advantages are: 


Functional approach with restoration of fron¬ 
tal sinus drainage 

Permits mucosal preservation of the frontal 
recess 
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Uses inherent anatomic landmarks to facilitate 
surgery 

Allows for endoscopic and radiographic sur¬ 
veillance postoperatively 
Improved cosmesis through avoidance of 
facial incisions 

Decreased morbidity compared to open fron¬ 
tal sinus approaches 

May resort to open approaches if required 


Disadvantages are: 


Requirement of endoscopic expertise and spe¬ 
cialized surgical instrumentation 
Risk of inadvertent CSF leak and skull base 
injury greater than with routine frontal sinus 
surgery 

Possible bone loss at radix 
Drill-related heat injury to sinonasal tissues 
Controlled septal perforation with potential 
for chronic crusting 


il Outcomes 


The initial results on TSFS were reported by McLaugh¬ 
lin et al. [9]. Twenty patients were presented with en¬ 
doscopic examination and a telephone questionnaire 
with a mean follow-up of 12 and 16 months, respec¬ 
tively. The primary indication of surgery was frontal 
recess stenosis after previously failed endoscopic fron¬ 
tal sinusotomy. Endoscopic patency was reported in 
all 20 patients, with a diameter of 3-mm confirmed by 
passage of a curved suction in 19 of 20 (95%) patients. 
Of the patients evaluated by the telephone question¬ 
naire, 17 of 19 patients (89.5%) reported symptom im¬ 
provement and 12 of 18 patients (67%) reported re¬ 
duction in medication requirements [9], 

In an updated series Lanza et al. [8] reported on 
29 patients undergoing TSFS between 1995 and 1999. 
The main indication for TSFS was chronic frontal si¬ 
nusitis in the setting of previously failed endoscop¬ 
ic surgery; other indications included mucocele for¬ 
mation and nasofacial trauma. Twenty-four patients 
(83%) were available for telephone interview postop¬ 
eratively with a mean follow-up period of 45 months 
(range 9-69 months). In this subset of patients, 18 of 
24 (75%) reported at least 50% improvement of symp¬ 
toms, while 14 of 24 (58%) reported 80% or greater 
improvement of their symptoms. Four (16.6%) pa¬ 
tients underwent further frontal sinus surgery, with 
three having frontal sinus obliteration [8], Complica¬ 
tions included CSF leaks (two cases), unplanned ante¬ 
rior inferior septal perforation (one case), and chron¬ 
ic crusting at the planned perforation (one case). One 


leak was attributable to surgical trauma with a drill 
in a patient with narrow anterior-posterior dimen¬ 
sions, and the second occurred during debridement 
of scarred mucosa within the frontal sinus in a patient 
with history of severe maxillofacial trauma. Both CSF 
leaks were identified and repaired intraoperatively 
without further sequelae. Both patients with septal 
difficulties had undergone prior septoplasty. 


Conclusions 


- V 

TSFS represents an additional endoscopic ad¬ 
vance in the surgical paradigm for management 
of chronic frontal sinus disease, especially in the 
setting of osteoneogenesis. The technique uti¬ 
lizes the unique relationship of the frontal sinus 
floor to the nasal septum. It permits entry into 
the thin medial frontal sinus floor, which is clear¬ 
ly advantageous in cases with extensive osteo¬ 
neogenesis that preclude identification and can- 
nulation of the frontal recess. TSFS is a functional 
approach that offers several potential advantag¬ 
es over frontal sinus obliteration, including de¬ 
creased morbidity, improved cosmesis, and ease 
of radiographic and endoscopic surveillance of 
the frontal sinus postoperatively. 
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■ Potential complications of intracranial or or¬ 
bital penetration exist and are comparable to 
those of FESS. 

■ Postprocedure morbidity and recovery times 
are less than for FESS. 

■ Long-term efficacy is currently being stud- 


Core Messages 


■ Functional endoscopic dilatation of the si¬ 
nuses (FEDS) is not a substitute for function¬ 
al endoscopic sinus surgery (FESS), but may 
be an appropriate surgical technique for se¬ 
lect patients who meet appropriate selection 
criteria. 

■ Chronic rhinosinusitis (CRS) affects approx¬ 
imately 31 million Americans; and about 1% 
undergo FESS each year. 

■ Patients with CRS who fail medical therapy 
and have no anatomical cause for sinus ostia 
occlusion other than hypertrophic mucosa 
might benefit from this minimally invasive 
approach, aimed at dilating the ostium. 

■ Many patients who are reluctant to accept 
morbidity and potential complications of 
FESS maybe candidates for FEDS. 

■ FEDS can be performed under local or gen¬ 
eral anesthesia. 

■ A guide wire can be positioned inside the 
frontal maxillary or sphenoid sinuses with 
the help of fluoroscopic guidance provided 
by a C-arm. 

■ High-pressure balloons are advanced over 
the wire and positioned across the sinus os¬ 
tium. 

■ Balloon dilatation of the sinus ostia restores 
patency without tissue removal. 

■ Other applications include sinus lavage and 
specimen gathering for sinus culture. 

■ FEDS allows for fluoroscopically guided bi¬ 
opsies, when indicated. 

■ FEDS may be used as a valuable adjunct to 
FESS, especially in revision cases. 

■ A limitation of FEDS is that it does not ad¬ 
dress the ethmoid sinus, and it is not ade¬ 
quate for patients with polyposis. 
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Introduction 


Chronic rhinosinusitis (CRS) affects approximately 
31 million Americans [1]. The costs associated with 
medical expenditures as well as the impact on work 
efficiency are enormous, which makes this problem 
a significant priority in terms of the search for bet¬ 
ter treatment strategies supported by clinical evi¬ 
dence [2], 

Treatment options include medical therapy, aller¬ 
gic management, and surgical intervention. Obvious¬ 
ly, surgery is reserved for those patients who fail to 
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respond to medical therapy, and is usually for those 
who have endoscopic or CT evidence of significant 
mechanical obstruction of the sinus ostia in the form 
of polyps or inflamed mucosa [3]. The goal of sur¬ 
gery is to reopen the sinus ostium and to allow the re¬ 
turn of ciliary function. Many patients with recurrent 
acute rhinosinusitis respond well to medical thera¬ 
py, but sinusitis frequently recurs after treatment. In 
many cases, patients have no obvious underlying me¬ 
chanical obstruction affecting the ostia, or they may 
have mild mucosal thickening in-between episodes of 
infection. Often some of these patients are not con¬ 
sidered surgical candidates because their CT find¬ 
ings may not justify the morbidity and risk associat¬ 
ed with endoscopic sinus surgery. On the other hand, 
many are considered candidates because of the fail¬ 
ure to control disease, but they decline surgery be¬ 
cause of the morbidity and the risks involved. Of the 
37 million Americans affected by sinusitis each year 
(both acute and chronic) [4], approximately 31 mil¬ 
lion are affected by chronic symptoms, and approx¬ 
imately 330,000 undergo sinus surgery annually [5]. 
Thus, over 30 million Americans continue to suffer 
symptoms and their associated effects on their qual¬ 
ity of life. Some of these patients may be candidates 
for a minimally invasive technique to improve sinus 
health. Many patients who would currently undergo 
functional endoscopic sinus surgery (FESS) may ben¬ 
efit from the less invasive sinuplasty technique. Sinu- 
plasty may also be a valuable tool in conjunction with 
classic FESS, to cannulate the frontal sinus in difficult 
situations, such as revision surgery. 

An FDA-approved balloon catheter system has re¬ 
cently been introduced as a potential minimally in¬ 
vasive, ambulatory strategy for the treatment of CRS. 
The system follows the principles of over-the-wire, 
catheter-based balloon dilatation, commonly used in 
vascular and urologic surgery, as well as in interven¬ 
tional cardiology. What this system accomplishes spe¬ 
cifically for CRS is the dilatation of the sinus ostia by 
advancing balloon catheters under fluoroscopic guid¬ 
ance to the narrowed segment, and inflating them 
with high pressure. This system is designed for the in¬ 
sertion of special catheters for sinus lavage, drainage, 
and antibiotic irrigation as well. The dilatation of the 
ostium also allows for biopsies in situations where in¬ 
trasinus masses may represent a neoplasm. 

Sinuplasty is a new approach that dilates the nat¬ 
ural ostia without tissue removal but with some pos¬ 
sible tissue injury. It is not a substitute for FESS, but 
may be an attractive option in select patients. This 
chapter describes patient selection and operative 
technique for functional endoscopic dilatation of the 
sinuses (FEDS). Obviously, only long-term studies 
will be able to determine its efficacy and establish its 
ultimate place in the treatment scheme of CRS. We 
describe the technique for fluoroscopic-guided sinu¬ 


plasty with the Relieva™ sinus balloon catheter system 
(Acclarent, Menlo Park, CA, USA). 


Patient Selection 
and Preoperative Work 


Patient selection, as with any other surgical interven¬ 
tion, is an essential starting point in testing the ef¬ 
ficacy of any new procedure. Appropriate medical 
clearance and documentation of rhinosinusitis with 
a detailed history and a thorough otolaryngologic ex¬ 
amination and noncontrast CT of the sinuses needs to 
be obtained prior to intervention, which is standard 
to FESS as well. 

In addition to its potential value in the treatment 
of CRS, sinuplasty has been found, in our experience, 
to have two other applications. Frequently, intubated 
patients with multiorgan disease, or trauma patients 
in the intensive care unit, are febrile. When work¬ 
up points to the sinuses as a potential source of in¬ 
fection, otolaryngologists are often consulted to ob¬ 
tain direct sinus cultures in these patients. Access to 
the sinuses and direct cultures by sinus irrigation can 
be performed with sinuplasty. In addition, patients 
sometimes have sphenoid sinus opacification that re¬ 
quires biopsies and/or cultures. The sphenoid ostium 
is easily dilated with sinuplasty, so access to the sinus 
with a 4-mm endoscope can be performed. The fron¬ 
tal and maxillary ostia can be dilated so that fluo¬ 
roscopic-guided biopsies of sinus neoplasms are also 
possible. 

Sinuplasty can be performed in combination with 
classic FESS under general anesthesia in the operating 
room, particularly in cases of difficult revision sur¬ 
gery, and in more extensive endoscopic procedures, 
even in the setting of distorted postoperative anato¬ 
my. Fluoroscopically guided cannulation of the fron¬ 
tal sinus with a guide wire can be very helpful in revi¬ 
sion frontal sinus surgery. 


Indications/Contraindications 

Sinuplasty is indicated for patients meeting criteria 1, 

2, and 3; or 1, 2, and 4. 

1. In patients with a history of chronic recurrent rhi¬ 
nosinusitis 

2. In patients who fail medical therapy in the form 
of antibiotics, topical nasal steroids, and allergic 
management 

3. Patients with a persistently abnormal CT scan, 
after at least four continuous weeks of antibiotic 
treatment. 








245 


Functional Endoscopic Dilatation of the Sinuses 

4. Patients with three or more documented (by en¬ 
doscopy and/or CT) recurrences per year, with 
normalization after treatment. 

Patients are not appropriate candidates for primary 
sinuplasty if they have: 


A history of previous sinus surgery 
Significant ethmoid disease 
Diagnosed sinonasal polyps, mucopyocele or 
pyocele, allergic fungal rhinosinusitis, sino¬ 
nasal osteoneogenesis, sinonasal tumors, or 
obstructive lesions 

History of facial trauma that distorts sinus 
anatomy (relative contraindication) 

Severe rhinosinusitis with Lund-McKay scores 
above 10 (relative contraindication). 


Instruments, Equipment, and Preparation 

Standard endoscopic sinus instruments (including 0°, 
30°, and 45° endoscopes) are used in the procedure. 


Chapter 25 

Additionally, balloon dilatation requires sinus guid¬ 
ing catheters, flexible sinus guide wires, sinus balloon 
catheters, sinus lavage catheters, and a sinus balloon 
inflation device with a manometer (Fig. 25.1). 

The sinus balloon inflation device and the catheters 
are prepared following the manufacturer’s instruc¬ 
tions. The inflation device consists of a high-pressure 
syringe barrel with a piston handle, and a gauge used 
to monitor the pressure inside the balloon at the tip of 
the catheter (Fig. 25.1c). The solution used for injec¬ 
tion into the balloon consists of iodine contrast me¬ 
dium, diluted in sterile saline or water at a concen¬ 
tration of approximately 150-180 mg/ml. Contrast 
medium is used so that the balloon can be visualized 
fluoroscopically as it is inflated. Between 6 and 8 ml 
of contrast medium is necessary to reach the required 
pressures, and the system needs to be purged of air for 
appropriate functioning. The standard balloon size is 
5 ml, although there are 7-ml and 3-ml balloons, de¬ 
pending on the size of the target sinus ostium and the 
surgeon’s judgment. The maximum pressure recom¬ 
mended by the manufacturer is 16 atm, although usu¬ 
ally pressures of 10-12 atm are used with satisfacto¬ 
ry results. The same balloon can be used when mul- 



Fig. 25.1. Balloon Sinuplasty” equipment. A Sinus guiding 
catheters. From top to bottom: 0°, 30°, 70°, 90°, and 110°. B Si¬ 
nus balloon catheter, passed over a guide wire into the sinus 
guiding catheter. C Inflation device, consisting of a high-pres¬ 


sure piston syringe and a manometer. The device is shown at¬ 
tached to a balloon catheter. D Sinus lavage catheter. (Images 
courtesy of Acclarent. Reprinted from [6] with permission 
from Elsevier) 
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tiple attempts are required to dilate the sinus ostium, 
as well as if multiple sinus ostia are going to be dilat¬ 
ed in the same session. The manufacturer provides a 
detailed explanation on how to reprep the balloon for 
adequate functioning. In addition, sinus lavage cath¬ 
eters are also available (Fig. 25.1d), which permits the 
irrigation and suction of the target sinus. 

Although otolaryngologists rarely use the C- 
arm, it is readily available in the operating room 
and is relatively easy to use. The C-arm is positioned 
at the head of the table, in order to provide fluoro¬ 
scopic guidance when cannulating the involved si¬ 
nuses and performing balloon catheter insertion 
and inflation at the sinus ostia. Depending on the 
involved sinus(es), anteroposterior (AP) views or 
lateral views are used during catheter insertion and 
balloon positioning/inflation (Table 25.1). Unlike 
FESS, which is usually performed on all involved si¬ 
nuses on one side, followed by the involved sinus¬ 
es on the contralateral side, FEDS is best performed 
on each set of involved sinuses bilaterally (when in¬ 
dicated), in order to minimize the need to reposi¬ 
tion the C-arm. 


Tips and Pearls 

In patients with involvement of all three groups 
of sinuses (sphenoid, maxillary, and frontal si¬ 
nuses), it is suggested to start with the AP 
view for both maxillary sinuses, and to then 
proceed with both frontal sinuses under AP 
fluoroscopic control 


If the cannulation of either frontal sinus is not 
achieved with AP views, the contralateral sinus is 
treated first; then the C-arm is switched to the lateral 
position to obtain a lateral view, in order to aid in di¬ 
recting the guide wire into the sinus, across the fron¬ 
tal recess. The sphenoid sinuses are cannulated last, 
with the guidance of a lateral fluoroscopic view. This 
again minimizes the time required for repositioning 
the C-arm and obtaining the appropriate image with 
the help of the technician. A proper positioning of the 


C-arm enables the surgeon to have the most adequate 
view, in order to facilitate sinus cannulation, and to 
keep the patient’s radiation exposure to a minimum. 
During the procedure, live fluoroscopy is usually only 
used to guide wire cannulation of the involved sinus, 
positioning of the balloon after it is advanced over the 
wire, and during inflation/deflation. An effort should 
be made to use still images whenever possible in or¬ 
der not to exceed a total radiation exposure time of 
15-20 min. 

The procedure, like FESS, can be performed un¬ 
der general anesthesia, or with local anesthesia with 
or without sedation. Since the procedure is very short, 
local anesthesia is more commonly used than it is 
with FESS. 


Surgical Techniqui 


The surgical technique is demonstrated in Videos 25.1 
and 25.2. 

Topical anesthesia with 4% cocaine is applied in 
cotton pledgets, followed by a 1% Xylocaine with epi¬ 
nephrine (1:100,000) transpalatal sphenopalatine 
block. Under direct fiberoptic endoscopic visualiza¬ 
tion of the nasal cavity and sinus ostia, further local 
anesthetic is injected as necessary. The guiding cathe¬ 
ter is then inserted close to the sinus ostia (Fig. 25.2). 
Table 25.1 shows the angle and the guiding catheter 
usually required to enter each type of sinus. Sinus 
guide wires are then advanced through the catheters 
under fluoroscopic guidance, until their presence in¬ 
side the sinus is confirmed. 


Tips and Pearls 

Sinus guide wires are only passed though open 
spaces, and pressure should never be used when 
attempting insertion into the sinus cavity. 


The sinus balloon catheter is advanced over the wire, 
into the guiding catheter, and into the sinus cavity, un- 


Table 25.1. Guiding catheters and fluoroscopic views for the cannulation of each group of sinuses 


Involved Sinus 

Guiding catheter 
(degrees) 

Fluoroscopic 

views 

Comments 

Sphenoid 

0° 

30° 

Lateral 

Sella turcica and anterior wall of sphenoid bone 
guide balloon placement 

Frontal 

70° 

AP and/or lateral 

Outflow tract may require two overlapping 
dilatations at different levels 

Maxillary 

90° 

110 

AP 

Curvature of the balloon indicates the position 
across the natural ostium 


AP anteroposterior 
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Fig. 25.2. The guiding catheter is positioned close to the si¬ 
nus ostia, in order to guide the insertion of the guide wire into 
the sinus, a Maxillary sinus ostium, b Frontal recess, c Sphe¬ 
noid sinus ostium, d Sphenoid sinus, lateral view. S septum. 


MT middle turbinate, EB ethmoid bulla, UP uncinate process, 
LNW lateral nasal wall, FS frontal sinus, MO maxillary sinus 
ostium, ST superior turbinate, SO sphenoid sinus ostium. (Re¬ 
printed from [6] with permission from Elsevier) 


til it is positioned across the sinus ostium (Fig. 25.3). 
Radio-opaque markings at the tip and tail of the ac¬ 
tual balloon enable the surgeon to establish the exact 
position of the balloon, which permits an exact posi¬ 
tioning across the sinus ostium, right in the middle of 
both markings. 


Tips and Pearls 

The balloon catheter must be completely out of 
the guiding catheter, past the tip, to achieve dil¬ 
atation of the ostium (Fig. 25.4). 


Fluoroscopic landmarks also help determine the lo¬ 
cation of the ostium when cannulating the sphenoid 
sinus in the lateral view (Fig. 25.3c), and the frontal 
sinus in the AP view (Fig. 25.3b). Good positioning 
across the maxillary sinus ostium results in a curved 
position of the balloon, because of the regional anat¬ 
omy (Fig. 25.3a). The position of the balloon can al¬ 
ternatively be confirmed with an endoscope. Pressure 
is gradually increased in the balloon by the surgical 
technician, who turns the inflation device and care¬ 
fully reads off the pressure in the manometer, usu¬ 
ally in increments of 2 atm, until the surgeon deter- 
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Fig. 25.3. Fluoroscopic imaging guidance for sinus cannula- 
tion and balloon positioning. Guiding catheters in position; 
wire advanced into sinus; balloon catheter advanced over the 
wire; deflated balloon in position, a Anteroposterior ( AP ) 
view of the left maxillary sinus. Notice the curvature of the 
deflated balloon when positioned across the natural ostium, b 
AP view of the left frontal sinus, c Lateral view of the frontal 


mines an adequate ostium dilatation (Fig. 23.5). The 
size of the balloon and the actual pressure will be de¬ 
termined by the surgeon, after assessment of the sinus 
ostium and regional anatomy. In general, a pressure 
greater than 10-12 atm is rarely necessary in order to 
adequately dilate the ostium. When dilating the fron¬ 
tal recess, pressures over this limit may crush the ag¬ 
ger nasi cells and the terminal recess. Balloon infla¬ 
tion is visualized live in fluoroscopy, at which point 
the slipping of the balloon into the sinus cavity or out 
of the ostium may be detected. This occurs owing to 
inadequate positioning of the balloon across the osti¬ 
um (Fig. 25.6). Adjustments in the positioning of the 
balloon should be made at this point, which may re¬ 


sinus. d Lateral view of the sphenoid sinus. The anterior wall of 
the sphenoid sinus helps position the balloon across the sinus 
ostium. White arrow tip of guiding catheter, thick black arrow 
guide wire in sinus, thin black arrows tip and tail markings 
of balloon, gray arrow sella turcica, striped arrow sinus guid¬ 
ing catheter, dashed arrow anterior wall of the sphenoid sinus. 
(Reprinted from [6] with permission from Elsevier) 


quire the balloon to be positioned slightly more or 
less across the ostium, in order for it to remain in po¬ 
sition once maximum pressure is reached. Balloon 
inflation is performed once, and pressure is then re¬ 
leased by aspirating the contrast medium back into 
the pressure device. 


Tips and Pearls 

Owing to the fact that the frontal outflow tract 
is not a true “ostium,” two overlapping dilata¬ 
tions should be performed to ensure that the 
entire outflow tract is dilated. 
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Fig. 25.4. Frontal sinus ostium balloon dilatation sequence, 
a Guiding catheter in position; wire advanced into fron¬ 
tal sinus; balloon catheter at the tip of the guiding catheter, 
b Balloon catheter out of the guiding catheter; inflated balloon 
positioned across the ostium, c Dilated ostium; drained sinus; 
balloon catheter and wire removed. (Reprinted from [6] with 
permission from Elsevier) 


A confirmatory fluoroscopic image of the deflated 
balloon is obtained before pulling the balloon cathe¬ 
ter out through the gliding catheter. The dilated osti¬ 
um is visualized again with an endoscope, in order to 
confirm adequate dilatation of the ostium, and to as¬ 
sess the sinus interior. 


Tips and Pearls 

The frontal sinus should transilluminate well 
after dilatation, which is a reliable indica¬ 
tor in differentiating it from neighboring cells 
when access is difficult for visualization [7]. 


The balloon catheter can be exchanged for a sinus la¬ 
vage catheter at this point, for the purpose of per¬ 
forming culture sampling, sinus drainage, and/or ir¬ 
rigation. Sinus irrigation and lavage follow the same 
principles as balloon dilatation. The lavage catheter 
is advanced over the wire, after its appropriate posi- 
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Fig. 25.5. Inflated balloons in position, a Maxillary sinus, 
b Frontal sinus, c Sphenoid sinus. Thin black arrows tip and 
tail markings in balloon, white arrow inflated balloon, thick 
black arrow tip of guiding catheter. (Reprinted from [5] with 
permission from Elsevier) 


tioning inside the sinus under fluoroscopic guidance 
(Fig. 25.7). Drainage and lavage are then performed 
with saline solution or antibiotic irrigation. A vari¬ 
ety of instruments can be inserted under fluoroscopic 
guidance to perform biopsies, if indicated. 


Tips and Pearls 

A transpalatine sphenopalatine block is per¬ 
formed, followed by regional injection of local 
anesthesia with epinephrine, under endo¬ 
scopic control. 

The guiding catheter is positioned close to the 
sinus ostium, in order to guide the wire into 
the sinus. 

With a C-arm positioned at the head of the 
operating table, AP and lateral fluoroscopic 
images of the sinuses are obtained throughout 
the procedure. 


The guide wire is passed through the guiding 
catheter and its position within the sinus is 
confirmed. 

After advancing the balloon catheter over a 
wire, markings at the tip and tail of the bal 
loon help establish the exact location of the 
balloon. 

Radiographic landmarks help in positioning 
the balloon exactly across the ostium. 

At least two overlapping dilatations are usually 
required across the frontal recess. 


raSBSB^^H 

In theory, sinuplasty morbidity and complications 
are the same as with FESS [8]; however, owing to the 
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Fig. 25.6. An inadequate positioning of the balloon across bone, black arrows direction of balloon movement, striped 
the ostium (a) causes slipping of the balloon into the sinus arrow inflated balloon. (Reprinted from [5] with permission 
(b) upon inflation. White arrow anterior wall of the sphenoid from Elsevier) 



Fig. 25.7. Sinus lavage catheter insertion, frontal sinus, a 
Over-the-wire lavage catheter positioning, b Lavage catheter 
in position, guide wire removed. Black arrow tip of lavage 


catheter, white arrow guide wire in frontal sinus, striped arrow 
tip of guiding catheter. (Reprinted from [5] with permission 
from Elsevier) 


less invasive nature of the procedure, they are like¬ 
ly to be less common. Vascular or nerve injuries, the 
inability to identify the natural ostium, and inadver¬ 
tent injury to the orbit or brain are all possible. Obvi¬ 
ously, the surgeon must be familiar with performing 
surgery under fluoroscopic control, and must have in¬ 
timate knowledge of the sinus, orbit, and brain anat¬ 
omy as visualized with the C-arm. Most important¬ 
ly, the surgeon must be prepared to handle potential 
complications associated with any sinus surgery. In 
spite of these potential risks, this procedure has thus 
far proven extremely safe. 


Tips and Pearls 

■ Owing to the fact that the uncinate process is 
left intact and the middle turbinate may be 
abraded during the sinuplasty procedure, the 
incidence of turbinate-uncinate adhesions 
may be higher than with classic FESS. In order 
to prevent middle turbinate lateralization, a 
microdebridement medialization technique is 
recommended [9], In addition, absorbable 
packing can serve as a spacer between the 
middle turbinate and the uncinate process. 
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Postoperative Management 


Postoperative care is the same as for conventional 
FESS. All the routine instructions, which include no 
blowing of the nose, no straining, keeping the head of 
the bed elevated, and gradual resumption of normal 
activities, are given to the patient. Narcotic pain med¬ 
ication is rarely needed. Antibiotics are prescribed as 
indicated. Endoscopic evaluation of the middle me¬ 
atus and the sphenoethmoid recess should be per¬ 
formed in follow-up visits, and should be documented 
periodically. Visualization of the dilated sphenoid os¬ 
tium is usually possible, but visualization of the fron¬ 
tal and maxillary ostia is usually obstructed by the 
intact uncinate. The most significant risk of the pro¬ 
cedure is failure to achieve the desired results. Short¬ 
term success of the procedure is based on elimination 
of symptoms, and in some cases radiologic evidence 
of improvement in the follow-up CT. Long-term stud¬ 
ies, however, will be necessary. 


Ongoing randomized trials are comparing the cost of 
noninvasive medical treatment with that of FESS and 
FEDS. 


Conclusion 


- w 

Sinuplasty is a technique available for a select 
group of patients who are in need of surgical in¬ 
tervention, but who have disease considered ap¬ 
propriate for a minimally invasive technique. Al¬ 
though limited to the frontal, maxillary, and sphe¬ 
noid sinuses, the technique described in this 
chapter is achievable with appropriate training, 
minimal morbidity, and complications. Howev¬ 
er, its long-term value as a standalone procedure 
has not yet been proven. 


Outcomes 


The procedure is relatively new. As the number of pa¬ 
tients treated with sinuplasty increases, the number 
of complications may increase as well, until a learn¬ 
ing curve is established. Increasing experience and 
proper patient selection will likely keep complica¬ 
tions at a minimum, so that outcomes are not com¬ 
promised by technical difficulties. At the time of pub¬ 
lication, the CLEAR trial was in peer review process. 
It will hopefully establish the effectiveness of balloon 
catheter dilatation of the sinus ostia in achieving and 
maintaining patency, as well as establish its effective¬ 
ness in relieving symptoms of CRS and decreasing 
medication requirements, either alone or in combina¬ 
tion with FESS. Ongoing studies will also continue to 
monitor long-term results. 


Cost 


The overall cost of FEDS is considerably less than that 
of conventional FESS. Although the cost of the bal¬ 
loon system (approximately $1,200) and the use of the 
C-arm (approximately $500) must be included, there 
are considerable cost savings due to the nature of the 
procedure. Shorter operating time and the use of local 
anesthesia with or without sedation avoids the costs 
of operating room and recovery room time. Dispos¬ 
able microdebrider blades and the use of a microde- 
brider may not be necessary. Postoperative debride¬ 
ment is rarely needed or is significantly minimized. 
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Chapter 26 


ENT Evaluation of the Sleep 
Disordered Breathing Patient 

Philippe Rombaux, Marc Remade, Georges Lawson 


Core Messages 


■ Sleep-disordered breathing can originate 
from different segments of the upper airway; 
therefore, the entire upper airway must be 
examined during evaluation. 

■ In sleep-disordered breathing, identifying 
for whom snoring is the major problem is 
very important. 

■ The Epworth sleepiness scale is the most 
commonly used sleepiness scale in the as¬ 
sessment of excessive daytime sleepiness. 

■ General impairment of daily functions and 
quality of life (social comportment, perfor¬ 
mance of daily tasks, mood and/or fatigue ef¬ 
fects) should be investigated in order to es¬ 
timate the consequences of deep-disordered 
breathing. 

■ Transnasal fiberoptic endoscopy is essential 
for the clinical assessment of the patient with 
sleep-disordered breathing. 
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Introduction 


Physical and clinical evaluations are part of the as¬ 
sessment of sleep apnea-hypopnea syndrome (SAHS) 
and contribute to the therapeutic decision. Sleep-dis¬ 
ordered breathing (SDB) can originate from different 
segments of the upper airway; therefore, the entire 
upper airway must be examined during evaluation 
[32], This must be performed before polysomnogra¬ 
phy and before any therapeutic decision. 

An ideal clinical evaluation would be predictive of 
the site or the sites of upper-airway obstruction and 
would be cost-effective and reproducible. But physi¬ 
cal examination has not proved to contribute sig¬ 
nificantly in identifying SDB patients. Clinical 
impression of sleep physicians for SAHS is of lit¬ 
tle value, with a 50-60% sensitivity and a 63-70% 
specificity [29], Clinical evaluation is also sub¬ 
jective. Moreover fiberoptic endoscopy for physi¬ 
cal examination is usually performed with subjects 
awake or falling asleep, which are not true sleep con¬ 
ditions. 

For all these reasons, it is difficult to find in the lit¬ 
erature a clinical score validated for diagnostic pur¬ 
poses and furthermore to be able to identify with a 
largely accepted predictive value patients who may 
benefit from surgery [7, 23, 27, 34]. 


Assessment 


Anamnesis 


Surgical history, especially in relation to the ENT field 
(tonsillectomy, with/without adenoidectomy, septo¬ 
plasty, etc.), is collected. 

Craniofacial aspects (retrognathia, micrognathia), 
cardiopulmonary dysfunction, irritants like tobac¬ 
co and alcohol, sedative medications reducing neu¬ 
romuscular control of the upper airway during sleep 
and genetic factors are considered as major factors 
in the management of snoring or SDB patients [16]. 
These factors are more important in the elderly [2], 















256 


Philippe Rombaux, Marc Remade, Georges Lawson 


26 


The occupation of the patient, driving perfor¬ 
mances and possible night-working habits complete 
the general survey before asking the questions relat¬ 
ed to sleep quality. 

Symptoms most frequently reported in SDB pa¬ 
tients can be grouped into four categories: 

1. Snoring and breathing disturbances occurring 
during sleeping 

2. Sleep-pattern variations 

3. Daytime sleepiness 

4. General impairment of quality of life 

The snoring pattern must be examined and asking if 
snoring occurs or not is not enough. Duration, inten¬ 
sity, associated features and body position in which 
snoring occurs (lying on the side versus on the back) 
are the first items to check. Then, identifying for 
whom snoring is the major problem is very impor¬ 
tant: for the patient himself/herself, for his/her bed 
partner or for other people (social disturbances) [17]. 
As the patient cannot witness his/her snoring, a re¬ 
liable report, usually from the bed partner, is neces¬ 
sary. Information regarding the snoring should ide¬ 
ally be collected prospectively rather than retrospec¬ 
tively and integrated in the psychosocial status of the 
patient and of his/her bed partner [17]. Characteris¬ 
tics of sleep pattern such as difficulties of maintain¬ 
ing sleep, occurrence of apnea or pauses (episodes of 
cessation of breathing) recognized by the bed part¬ 
ner and presence of choking or gasping must be not¬ 
ed [28], 

Using a sleepiness scale is worthwhile for assess¬ 
ing excessive daytime sleepiness, which is the major 
SAHS symptom. The Epworth sleepiness scale (ESS) 
is the most commonly used scale (Table 26.1). This is a 
self-administered questionnaire designed to measure 
the general level of daytime somnolence and the prob¬ 
ability of falling asleep in different situations [19]. The 
score is calculated on the basis of a total of 24 and the 
normal score is 4.6 (standard deviation 2.8). 

Tips and Pearls 

■ Excessive daytime sleepiness is considered to 
occur if the score is above 10 on the ESS. 


This test can be used to make the distinction between 
narcoleptic patients, SAHS patients and unaffected 
patients. However, daytime sleepiness can also result 
from dysfunctional causes (sleep deprivation, sleep 
interruption, occupation lifestyle) and the direct rela¬ 
tion between the ESS score and the severity of SAHS 
has been poorly demonstrated. Nevertheless, the 
ESS continues to be the standard reference to eval¬ 
uate daytime sleepiness. Other tests like Osiers test, 
which is a maintenance of wakefulness test, still need 


to be evaluated and correlated to the ESS [28], Finally, 
general impairment of daily functions and quality of 
life (social comportment, performance of daily tasks, 
mood and/or fatigue effects) should also be investi¬ 
gated in order to estimate the consequences of deep- 
disordered breathing. 


General Examination 

Anthropometric data including age, height and weight 
are part of the clinical evaluation (Tables 26.2, 26.3). 
Snoring and SAHS increase with age but upper-air- 
way abnormalities are more linked to the apnea-hy- 
popnea index (AHI) of the younger patient [25], 


Tips and Pearls 

Obesity is an important risk factor in the devel¬ 
opment of snoring and apnea and poor re¬ 
sults can be expected after velopharyngeal 
surgery in the case of excess weight. 


Obesity can be defined as a body weight of 20% above 
the ideal. Body mass index (BMI) is measured in 
weight (kilograms) divided by height squared (me¬ 
ters). Patients with a BMI under 25 kg/m * 1 2 3 are con¬ 
sidered as normal and those with a BMI above 30 kg/ 
m 2 as obese. Obesity, particularly central obesity with 
upper-airway fat deposition, reduces the upper-air- 
way caliber and can predispose to its collapsibility. 


Table 26.1. Epworth sleepiness scale 

Patients are asked to grade from 0 to 3 their likelihood 
of falling asleep in contrast to just feeling tired in certain 
situations. 

The total score will be between 0 and 24. 

Level of sleepiness 
0 = would never doze 

1 = slight chance of dozing 

2 = moderate chance of dozing 

3 = high chance of dozing 

Situations: 

Sitting and reading 
Watching TV 

Sitting inactive in a public place (theater, meeting) 

As a passenger in a car for 1 h without a break 
Lying down to rest in the afternoon 
Sitting and talking someone 
Sitting quickly after lunch (without alcohol) 

In a car while stopped in traffic 











ENT Evaluation of the Sleep Disordered Breathing Patient 


Chapter 26 


257 


Table 26.2. Variations in risk factors by age 



Pediatri 

Adults 

Male gender 

+/- 

H* 

Obesity 

++ 

+++ 

Hard-tissue factors 
(retromicrognathia) 

+++ 

++ 

Velopharynx 

++ 

*++ 

Tonsillar enlargement 

+++ 

++ 

Comorbidities 

H$fe 

++ 

Familial factors 

• H 

*+ 

Environmental factors 
(alcohol, tobacco, etc.) 


+ 

Snoring 

+ 

+ 

Sleep deprivation 

+/- 

3 + 


- no risk factor, +/- conflicting importance, + slight risk 
factor, ++ moderate risk factor, +++ high risk factor 


Obesity-induced apnea affects more severely middle- 
aged subjects, and patients with a BMI greater than 29 
kg/m 2 are 8- to 12-fold more likely to be affected by 
SAHS than nonobese individuals [6], Weight increase 
during the last few months must be suspected in the 
case of snoring-pattern changes or the appearance of 
excessive daytime sleepiness. 

Gender must also be taken into consideration be¬ 
cause men are more susceptible to snoring and to 
SAHS than women. For Walker et al. [37], apnea se¬ 
verity in women is less weight-dependent than in 
men. Possible explanations can be found in the an¬ 
drogenic pattern of fat distribution and sex-hor- 
mones-influenced neuromuscular activities in the 
upper airway. 

Physical examination includes a general inspec¬ 
tion and a thorough examination of the upper re¬ 
spiratory tract (Table 26.3). General inspection fo¬ 
cuses on obesity, fat deposition and neck examina¬ 
tion. Neck and waist circumferences were proposed 
as simple methods to assess the fat deposition in 
the upper airway [5]. AHI correlated more closely 
with waist circumference than with neck circumfer¬ 
ence in men, while the opposite was true in wom¬ 
en [7], When comparing obstructive sleep apnea 
syndrome (OSAS) patients and upper airway resis¬ 
tance syndrome (UARS) patients, Guilleminault et 
al. [14] showed that neck circumference was larger in 
the OSAS group than in the UARS group; however, 
this measure seems to be too closely related to the 
gender to be generally considered in the assessment 
of snoring or SDB patients. 


Table 26.3. Clinical workup in the management of the sleep 
disordered breathing patient 


Body mass index (kg/m 2 ) 
Height (m) 

Weight (kg) 


History 


Comorbidity 

Cardiovascular, neurologic, etc. 

Surgical event 

Tonsillectomy, etc. 

Irritants 

Tobacco, alcohol, etc. 

Medicine 

Sedatives 

Occupation 

Nocturnal working, 


driving performance 

Major sleep disordered 

Snoring and/or sleepiness and/or 

breathing event 

apnea 

Snoring 


Duration 


Intensity 

Evaluated by the patient 
Evaluated by the bed 
partner 

Social disturbances 


Excessive daytime 
sleepiness 

Ewporth sleepiness scale 

Score/24 

General examination 


Dental occlusion 


Nose 


Septum 

Valve 


Turbinates 

Endoscopic evaluation; 




Nasopharynx 

Rhinomanometric 

Anterior, in sitting position. 

study; resistance 

calculated to the right and to the 

at 150 Pa 

left with a total resistance 

Velopharynx 

(deep aspect; flat aspect) 


Simulated snoring 

Uvula 

Tonsils 

Grading from 1 to 4 

Anterior pillar 

Posterior pillar 

Folds 

(Modified) Mallampati 

Grading from 1 to 4 

Endoscopic evaluation 


Retroglossal area 

In sitting and supine positions, 


describing the closure as 

Trachea 

anteroposterior and/or lateral, 
grading from 1 to 4 

Muller maneuver 


Retropalatal 

Retroglossal 



Dental occlusion is an excellent maxillofacial 
anomaly indicator when considering mandibular 
advancement prosthesis or retrobasilingual surgery. 
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Clinical Evaluation 

In daily practice, clinical examination is usually per¬ 
formed on an awake patient, but comparison of up¬ 
per-airway evaluations during wakefulness and sleep 
has shown significant results in favor of evaluation 
during sleep [1,10] (Table 26.3). 

Careful nasal inspection is recommended in SDB 
patient clinical evaluation. The nasal valve is, with the 
glottic space, the area where the resistance to airflow 
is the most important in the upper airway. Pharyn¬ 
geal resistance is approximately 4-6 times lower than 
nasal resistance [35], Nasal ala description and anteri¬ 
or rhinoscopy will help to diagnose valve anomalies, 
septum deviation or hypertrophic turbinates. Nasal 
endoscopy will contribute to the diagnosis of parana¬ 
sal sinus inflammation or nasal polyposis, which can 
also predispose to upper-airway obstruction. It is also 
very important to explore nasal status because some 
failures after surgery for snoring arise from an ig¬ 
nored nasal obstruction or because nasal continuous 
positive airway pressure (CPAP) is applied through 
the nose in the case of SAHS. 

Rhinometry expressed in pascals per cubic centi¬ 
meter per second measures the total nasal resistance 
and has been advocated for objective assessment of 
nasal patency [15]. This measurement is usually per¬ 
formed with patient in the seated position but nasal 
obstruction is sometimes described by the patient 
as more pronounced in the recumbent position and 
should therefore lead to rhinometry in this position. 
However, that would require the patient remaining in 
the supine position for at least 20 min, which is diffi¬ 
cult to propose for routine examination. 

Nasal conditions inducing higher-inspiratory up¬ 
per-airway pressure will favor collapse of pharynge¬ 
al walls. 

Pharyngeal examination is performed after nasal 
inspection. The velopharynx is generally considered 
the main source of snoring. Many surgical interven¬ 
tions have been developed to reduce the velopharynx 
based on the concept that snoring is induced by a too 
plethoric velopharynx. However, normal velopharyn¬ 
geal dimensions are not available so far. The question 
“What is the normal length of the uvula or the nor¬ 
mal distance between posterior pillars in people who 
do not snore or who do not have SAHS?” cannot be 
answered. 

Therefore, the description of the velopharynx and 
tonsils and their different parts, uvula, anterior and 
posterior pillars, pharyngeal folds, is still empirical. 
The velopharynx can be described with elongated, en¬ 
larged or bifid uvula, as a webbed type, with tonsil hy¬ 
pertrophy, with posterior or anterior arches narrow¬ 
ing (Fig. 26.1). 


Tonsil hypertrophy has been mentioned in the lit¬ 
erature as a good predictive value for the severity of 
SAHS [13]. 

Gradation for tonsil size as proposed by Friedman 
et al. [11] is as follows (Fig. 26.2): 


Grade 1 : tonsils in the tonsillar fossa barely seen 

behind the anterior pillar 

Grade II: tonsils visible behind the anterior 

pillar 

Grade III: tonsils extended three quarters of 
the way to the midline 
Grade IV: tonsils completely obstructing the 
airway (also known as kissing tonsils) 


Finkelstein et al. [9] described a flat and a deep as¬ 
pect of the velopharynx. This distinction was based 
on the relative contribution of the pharyngeal walls 
to the closing of the velopharyngeal valve or isthmus 
during the collapse (Fig. 26.3). 

A deep type of velopharynx is closed by both the 
movement of the velum and the medial movement 
of the lateral pharyngeal walls forming the circular 
or sagittal closing pattern. A flat type of velopharynx 
is closed by the anteroposterior movement of the ve¬ 
lum forming a coronal closure pattern with or with¬ 
out marked medial movement of the lateral pharyn¬ 
geal walls. For Finkelstein et al., these marked ana¬ 
tomical differences of the velopharynx can influence 
the surgical option by avoiding any procedure induc¬ 
ing a centripetal fibrosis, such as laser therapy in the 
deep type of velopharynx. 

Another score easily adapted to sleep medicine 
was introduced by Mallampati et al. [24], who devel¬ 
oped a method evaluating the relationship between 
the tongue and the oral cavity as an indicator of the 
difficulty of endotracheal intubation. This score was 
measured by anterior pharyngoscopy with the patient 
protruding his/her tongue (Fig. 26.4). Friedman et al. 
[11] described a modified Mallampati score examin¬ 
ing the oropharynx without protruding the tongue, 
which is, for this author, better related to the physio¬ 
logic state during sleep. The Mallampati score as well 
as the modified Mallampati score were related to the 
severity of SAHS [11], 

This score can also be used to propose surgery un¬ 
der local anesthesia to low-scoring patients and to rec¬ 
ommend surgery under general anesthesia to high- 
scoring patients. 

Transnasal fiberoptic endoscopy is essential for the 
clinical assessment by allowing exploration of the air¬ 
way from the rhinopharynx to the trachea passing by 
the retropalatal area, the retroglossal area and the lar¬ 
ynx. After examination of possible cause of obstruc¬ 
tion, like the adenoids in the rhinopharynx, a dynam- 
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Fig. 26.1. Different 
aspects of the velopha- 
rynx through static 
anterior pharyngoscopy 
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ic study called Muller s maneuver is performed. This 
technique was proposed by Borowiecki and Sassin [4] 
It consists of trying to produce a collapse of the upper 
airway at the retropalatal and/or retroglossal levels, 
which is supposed to be similar to the collapse occur¬ 
ring during sleep. This maneuver is performed by ask¬ 
ing the patient to produce a forced inspiration, mouth 
closed and nose held. In the case of a narrowed pas¬ 
sage, a full collapse can be observed. The narrowing 


can be evaluated on a four-point scale and the ma¬ 
neuver should be performed with the patient in seat¬ 
ed and supine positions. 

Muller s maneuver is helpful in the general evalua¬ 
tion of snoring and SDB patients because it is easy to 
perform, is time- and cost-effective and it is part of fi¬ 
beroptic endoscopy. 

When performing this maneuver at the retropala¬ 
tal or the retroglossal level, one can see a lateral and/ 




Fig. 26.2. Tonsil grading [11] 
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Fig. 26.3. Deep-type and 
flat-type of the velopharynx 
with principal movement of 
the lateral pharyngeal walls 
during collapse [9] 
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or a coronal closing of the airway. The observation 
of these lateral and coronal closings is important be¬ 
cause they can lead to different surgical procedures. 
For example, laser-assisted uvulopalatoplasty (LAUP) 
is not recommended in the case of major lateral clos¬ 
ing at the retropalatal level because LAUP induces a 
narrowing of the velopharyngeal isthmus by centrip¬ 
etal cicatrisation of the velum. 


Tips and Pearls 

Though the results of Muller’s maneuver are not 
strongly predictive of apnea episodes or of the 
postoperative results, it is generally considered 
that a Muller maneuver negative at the retro- 
glossal level has a good predictive value of 
surgical success after velopharyngeal surgery. 
But a Muller maneuver positive at the velopha- 
rynx level has a poor predictive value for the 
selection of patients suitable for velopharyn¬ 
geal surgery [9, 26, 27, 30, 31] 


When Muller’s maneuver was compared prospective¬ 
ly with the AHI, there was a correlation 83.9% of the 
time at the retropalatal area and 85% of the time at 
the base of the tongue, and when the AHI was con¬ 
verted to a four-point scale it was similar (standard 
deviation ±1) to the mean score of Muller’s maneu¬ 
ver 72.1% of the time [30], Grading the maneuver can 
achieve a reliable evaluation of the upper airway, and 
this evaluation is grossly correlated with the severi¬ 
ty of SAHS. 

A significant discrepancy was observed between 
the results of Muller’s maneuver with a fully awake 
patient and during drug-induced sleep [33] .The col¬ 
lapse was more severe during drug-induced sleep es¬ 
pecially at the retroglossal level, and was better cor¬ 
related to the severity of SAHS. Sleep nasendoscopy 
has proven that the collapsibility of the upper air¬ 
ways during drug-induced sleep is more important 
in SAHS patients than in snoring patients and that 
this collapse is more important at the retroglossal lev¬ 
el [3, 12, 18]. Fiberoptic endoscopy during drug-in¬ 
duced sleep is, however, difficult to propose as a stan¬ 
dard evaluation for every patient from the practical 
point of view. 

Video sleep nasendoscopy is useful if a possible 
surgical procedure is considered. The procedure of 
video sleep nasendoscopy can be performed as fol¬ 
lows [1], Patients who are surgical candidates are ad¬ 
mitted as day-surgery patients. An intravenous site is 
established for access during the procedure. The pa¬ 
tient is monitored for transcutaneous oxygen satu¬ 
ration, electrocardiogram abnormalities and blood 
pressure. At present, simultaneous polysomnograph- 
ic and electroencephalographic monitoring is used 
for research protocols in the authors’ unit. The sleep 


endoscopy laboratory is equipped with oxygen, suc¬ 
tion, a conveniently adjustable bilevel positive air 
pressure/CPAP machine and standard resuscitation 
equipment. The more patent nostril is selected, and 
10% Xylocaine spray is delivered to the nasal cavity 
and the nasopharynx using a long cannula. A flexi¬ 
ble nasopharyngoscopy with the patient awake is per¬ 
formed to exclude static obstructive lesion. A Mul¬ 
ler maneuver is performed for correlation. Four mil¬ 
ligrams of midazolam is given as an induction bolus 
with saline flush. The light is dimmed, and the patient 
is encouraged to sleep. The dose is increased 1 mg at a 
time with saline flush until the patient sleeps. A min¬ 
imal 5-min wait is recommended after the first bo¬ 
lus and between increments. Increments are needed 
only if the patient shows no sign of the onset of sleep. 
The ceiling dose in the authors’ unit is limited to 7.5 
mg intravenously, after which point the patient is 
deemed to have failed sedation. The average dose in 
the authors’ experience is 0.06 mg/1 in OSAS cas¬ 
es. The dose for snorers is variable, and the authors 
have the same ceiling dose of 7.5 mg for this group 
of patients. If the oxygen saturation should fall be¬ 
low 70%, CPAP is applied and examination is re¬ 
sumed after 5 min of unobstructive breathing. The 
endoscopic examination is performed using a flexi¬ 
ble nasopharyngoscope inserted through the anes¬ 
thetized nostril. Snorers are the most difficult group 
of patients to sedate because they are usually not 
hypersomnolent. 

Through-the-night inspection of the upper air¬ 
way of the sleeping patient with the fiberoptic na¬ 
sopharyngeal endoscope is an ideal but time- and 
manpower-consuming technique. It is seldom well 
tolerated and often results in significantly disturb¬ 
ing the normal and abnormal sleep patterns. Vid¬ 
eo sleep nasendoscopy is not used for the diagnosis 
of OSAS, and it is interpreted in the light of a full 
night’s polysomnographic sleep study. 


Tips and Pearls 

It must be remembered that Muller’s maneuver 
is not a standardized method and anyone 
who develops sufficient negative intrathoracic 
pressure will successfully collapse his/her up¬ 
per airway. 


It should therefore ideally be recommended that Mul¬ 
ler’s maneuver is performed with a manometer, ask¬ 
ing the patient to maintain an effort of at least -20 cm 
H 2 0 before giving any significance to the test. 

The soft palate biomechanical properties and or 
the sound spectrum of the velum vibration have also 
been reported to be linked to the AHI. Sound-spec¬ 
trum analyzers can be used to study these noises [20, 
36] Oral examination and pharyngeal nasometry can 
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also be predictive of the obstruction sites during sleep 
[22], It was also demonstrated that the distance from 
the hyoid bone to the mental prominence measured 
by cephalometry can be correlated with the AHI [8]. 
These techniques are used in clinical research and are 
usually not available in daily practice. 

Upper-airway sensation can also be taken into 
consideration. A two-point discrimination sensation 
test into the upper airway revealed that this discrim¬ 
ination was lower for SAHS patients than for a con¬ 
trol group and that this loss of sensation was recov¬ 
ered after nasal CPAP treatment [21]. The presence of 
selective impairment in the detection of mechanical 
stimuli in the upper airway is important when con¬ 
sidering the pathophysiology of OSAS but is of little 
interest for the clinical evaluation of the SDB patient. 



Clinical and fiberoptic assessment are critical in 
the evaluation of the patient with SDB. However, 
one should remember that physical examination 
and fiberoptic endoscopy are performed with 
the patient awake or falling asleep and not dur¬ 


ing the time of sleep when the conditions of actu¬ 
al airway obstruction may exist. More studies are 
needed to develop a validated evaluation tech¬ 
nique to be able to identify patients who may 
benefit from surgery. 
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Core Messages 


■ There is no standardized system to describe 
the anatomical features associated with snor¬ 
ing and obstructive sleep apnea (OSA). 

■ The most common clinical features in a pa¬ 
tient with snoring or OSA are a long uvula, 
a high tongue base and lateral narrowing of 
the pharyngeal walls. In children, tonsil hy¬ 
pertrophy is the most common risk factor for 
OSA. 

■ The assessment of the snoring patient should 
include a fiberoptic examination with a Mul¬ 
ler maneuver. 

■ Surgical alterations of the palate and velo- 
pharynx can only be performed after care¬ 
ful patient selection by an experienced phy¬ 
sician. 
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Introduction 


Snoring and obstructive sleep apnea (OSA) can be 
regarded as two clinical entities of the spectrum of 
sleep-related breathing disorders. Snoring is caused 
by vibrations of the pharyngeal soft tissues. OSA is 
characterized by repetitive upper-airway narrowing 
or collapse resulting in hypopneas and apneas. The 
mechanisms leading to this upper-airway obstruction 
are at present not entirely understood. 

Sleep nasendoscopy could reveal vibrations of the 
soft palate and circumferential narrowing of the ve¬ 
lopharynx in nonapneic snorers [9]. In patients with 
OSA, collapse of the velopharynx, oropharynx and/or 
hypopharynx could be detected in addition to vibra¬ 
tions of the soft palate [9]. In OSA, a classification of 
three different types of pharyngeal collapse has been 
described [1]: 

1. Type I: narrowing or collapse in the retropalatal 
(or velopharyngeal) region only 

2. Type II: narrowing or collapse in both retropalatal 
and retroglossal regions 

3. Type III: narrowing or collapse in the retroglossal 
region only 

The preceding illustrates the importance of velo¬ 
pharyngeal structures in the etiology of snoring and 
OSA; hence, an accurate examination and description 
of these structures is essential in the evaluation of the 
snoring patient, especially since many surgical inter¬ 
ventions in the treatment of snoring and OSA involve 
resection and alteration of the velopharyngeal soft- 
tissue structures. For this reason it is important to 
differentiate normal anatomy versus potentially cor¬ 
rectable deformities of the velopharynx. 

In this respect, techniques to evaluate the upper air¬ 
way include direct and fiberoptic visualization, up¬ 
per-airway pressure and resistance measurements, 
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cephalometry, fluoroscopy, acoustic reflection, com¬ 
puted tomography (CT) and magnetic resonance im¬ 
aging (MRI) [33]. In addition to these, sleep nasend- 
oscopy can be performed. 

The aim of this chapter is to describe the anatomical 
deformities of the palate and the velopharynx in snor- 
ers and patients with OSA. An overview is provided 
of the techniques used in the everyday clinical situa¬ 
tion: the clinical assessment of velopharyngeal struc¬ 
tures, cephalometric measurements and CT/MRI. 

First, a limited overview of the anatomy and func¬ 
tion of the velopharynx is given. 


Anatomy and Function of the Palate 
and Velopharynx 


The velum or soft palate is a complex structure made 
up of the palatal aponeurosis, fat, lymphoid tissue and 
several interweaving muscles: m. tensor veli palatini, 
m. levator veli palatini, m. palatoglossus, m. palato- 
pharyngeus, m. uvulae and the superior fibers of the 
m. constrictor pharyngis superior. The m. uvulae is 
the only intrinsic muscle, all other muscles are ex¬ 
trinsic muscles which extend beyond the boundar¬ 
ies of the velum. All muscles have different functions. 
The m. levator veli palatini elevates and draws the ve¬ 
lum posteriorly. The m. palatoglossus, which extends 
in the anterior tonsillar pillar, pulls the velum down 
and forward. This is in comparison with the m. pala- 
topharyngeus, located in the posterior tonsillar pillar, 
which lowers the velum more vertically. The principal 
function of the m. tensor veli palatini is dilating the 
Eustachian tube; its function as a velar tensor is not 
clearly established. Except for the m. tensor veli pala¬ 
tini, which is innervated by the trigeminal nerve, all 
other muscles are innervated by the pharyngeal plex¬ 
us (ninth and tenth cranial nerves). 

The velopharynx has an important function dur¬ 
ing swallowing, blowing, speech (production of vow¬ 
el and nonnasal consonants) and vomiting in order to 
prevent gastric contents from entering the nose. Both 
velar and lateral pharyngeal wall movements are nec¬ 
essary to obtain velopharyngeal closure. During velo¬ 
pharyngeal closure, the velum elevates posterosuperi- 
orly and makes contact with the posterior pharynge¬ 
al wall. The lateral pharyngeal walls extend medially 
at the level of the hard palate, most likely as a result 
of contraction of the m. levator veli palatini. Anterior 
displacement of the posterior pharyngeal wall by con¬ 
traction of the m. constrictor pharyngis superior, re¬ 
sulting in the formation of Passavant’s bar, is not an 
essential component of normal velopharyngeal mech¬ 
anism for speech. So, both velar and lateral pharyn¬ 
geal motion during velopharyngeal closure could be a 
function solely of the m. levator veli palatini. 


Clinical Evaluation 


To our knowledge, no standardized classification has 
been proposed to describe anatomical features of the 
velopharynx which may be contributing factors in the 
pathogenesis of snoring and OSA. As a result, the ap¬ 
preciation of the velopharyngeal structures depends 
entirely on the experience of the examiner. 

Several different configurations of the soft palate 
and uvula have been documented. The most relevant 
measurement in the snoring patient concerning the 
soft palate is the length. The soft palate is described 
as low-lying if more than one third of the uvula ex¬ 
tends below the level of the mandibular occlusal plane 
[29], The uvula is enlarged when more than 1.5 cm in 
length or more than 1 cm in width [29]. On the basis 
of these criteria, an enlarged uvula is a risk factor for 
OSA [29]. This association lost its significance after 
controlling for body mass index (BMI) and neck cir¬ 
cumference. It has been demonstrated that the uvula 
of nonapneic snorers and OSA patients contains more 
muscle and fat [36], The mucosa of the soft palate and 
uvula can be edematous and erythematous as a con¬ 
sequence of the mechanical injuries caused by the vi¬ 
brations during snoring. 

The relative position of the tongue and palate 
are assessed using the modified Mallampati index 
(MMP) [10]. In 1985 a grading system to predict dif¬ 
ficult intubation was proposed by Mallampati et al. 
[21] by means of an evaluation of the relationship be¬ 
tween the tongue and the oropharyngeal structures, 
with the patient maximally protruding the tongue. 
Friedman et al. [10] modified this technique by as¬ 
sessing this relationship without tongue protrusion, 
since this is a more natural tongue position during 
sleep, in order to use this parameter in the assessment 
of the OSA patient (Fig. 27.1). The MMP is highly pre¬ 
dictive of the severity of OSA [10,13]. The MMP clas¬ 
sification is found in Table 27.1. 

The size of the tongue as an independent measure¬ 
ment is assessed by referring the height of the relaxed 
tongue versus the mandibular occlusal plane. Nor¬ 
mally, the tongue sits at or below the level of the oc¬ 
clusal plane [11], Schellenberg et al. [29] found an en- 


Table 27.1. 
et al. [10] 

Modified Mallampati classification by Friedman 

Grade I 

Tonsils, pillars and soft palate clearly visible 

Grade II 

Uvula, pillars and upper pole visible 


Only part of the soft palate visible; tonsils, 

Grade III 

pillars and the base of the uvula cannot be 

Grade IV 

Only the hard palate visible 








Palatal and Pharyngeal Anatomy 


Chapter 27 


267 


larged tongue (sitting above the occlusal plane at rest) 
to be associated with OSA; the significance of this as¬ 
sociation was, however, lost after controlling for BMI 
and neck circumference. 

The tonsil size is described as surgically absent or 
grade I to IV depending on the medial extension (Fig. 
27.2, Table 27.2) [10]. In children, tonsil enlargement 
is the most common risk factor for OSA [25], In this 
population, OSA can even be cured by performing a 
tonsillectomy [8,40], Since tonsils undergo a progres¬ 
sive involution after the age of seven, the role of ton¬ 
sils in the pathogenesis of OSA in adults is less obvi¬ 
ous. However, a relationship between tonsil size and 
OSA in adults has been described [10, 16], as well as 
an improvement of the apnea-hypopnea index (AHI) 
after tonsillectomy [15]. 

Other important structures are the lateral pharyn¬ 
geal walls. Lateral narrowing, defined as the occlu¬ 



sion of 25% or more of the pharyngeal space by the 
lateral peritonsillar tissue (excluding the tonsils), has 
been proven to be an independent risk factor for OSA 
[29], 


Table 27.2. Tonsil grading system [10] 



Grade 0 

After tonsillectomy 

Grade I 

Tonsils in tonsillar fossa, barely seen behind 
the anterior pillars 

Grade II 

Tonsils visible behind the anterior pillars 

Grade III 

Tonsils extend three quarters of the way to 
the midline 

Grade IV 

Tonsils completely obstructing the airway 
(kissing tonsils) 


Fig. 27.1. Modified Mallampati classification by Friedman et al. [10]. a Mallampati I. b Mallampati II. c Mallampati III. d Mal- 
lampati IV. (From [10] with permission) 


Fig. 27.2. Tonsil 
grading system, 
a Grade 0 tonsils, 
b Grade I tonsils, 
c Grade II tonsils, 
d Grade III tonsils, 
e Grade IV tonsils. 
(From [10] with 
permission) 
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Fig. 27.3. Progressive collapse at the velopharyngeal level during a Muller maneuver 



Fig. 27.4. Progressive collapse at the oropharyngeal level during a Muller maneuver 



Fig. 27.5. Progressive 
collapse at the retroglos- 
sal level during a Muller 
maneuver 


In addition to inspection, flexible fiberoptic naso- 
pharyngoscopy can be performed. A thorough exam¬ 
ination of the nose, nasopharynx, oropharynx, hy- 
popharynx and larynx can reveal different causes of 
airway obstruction. This technique provides the pos¬ 
sibility to assess the oropharynx in a more physiolog¬ 
ical state, i.e., without active opening of the mouth. In 
addition to this, fiberoptic evaluation can provide dy¬ 
namic information. The observer can evaluate which 
soft tissues are involved in snoring when the patient 
produces snoring sounds. An idea about the collaps- 
ibility of the pharyngeal structures and the site of col¬ 
lapse can be offered by a Muller maneuver (Figs. 27.3- 
27.5). While the physician is inspecting the phar¬ 
ynx, the patient is asked to make an inspiratory effort 
against a closed nose and mouth. The degree of col¬ 


lapse is noted at the velopharyngeal and retroglossal 
levels (as a percentage from the baseline). Several con¬ 
siderations have to be taken into account concerning 
this technique: 


The degree of collapse is only a subjective esti¬ 
mation of the examiner. 

The negative pressure generated is variable and 
is highly dependent on the effort generated by 
the patient. 

Since the maneuver is performed during 
wakefulness, the changes in pressure and 
shape do not necessarily mimic the physiologi¬ 
cal changes that occur while breathing during 
sleep. 
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Nevertheless, the degree of collapse of the velopha- 
rynx during a Muller maneuver is highly correlated 
with the severity of OSA, whereas the collapse of the 
lateral walls during a Muller maneuver is only mod¬ 
erately correlated [38], In addition to this, the Muller 
maneuver has a predictive value in determining the 
outcome of velopharyngeal surgery. Collapse in the 
retroglossal regions is correlated with a low success 
rate of velopharyngeal surgery [2,19]. After multilev¬ 
el pharyngeal surgery, the change in velopharyngeal 
collapse during a Muller maneuver was significantly 
correlated with the change in AHI [38]. 

Considering the static and the dynamic data, it is 
important to realize that no single finding alone is 
pathognomonic for snoring and OSA. On the other 
hand, even when the velopharynx appears normal, 
the diagnosis cannot be excluded. 


Cephalometric Evaluation 


Cephalometry is based on a standardized lateral ra¬ 
diograph of the head and neck on which several land¬ 
marks are identified. The distance between these 
landmarks and the angles between the lines connect¬ 
ing the landmarks are measured (Figs. 27.6,27.7). 

Originally, this technique was used to assess bony 
abnormalities in the craniofacial skeletal structure 
and to a lesser extent to evaluate upper-airway soft- 
tissue anatomy. In 1983, Riley et al. [26] described 
specific landmarks, which included soft-tissue con¬ 
tours, for the use of cephalometry in evaluation of 
OSA patients. 

Concerning the velopharynx, a lot of attention has 
been given to the length of the soft palate, i.e., the 
length of the line constructed from the posterior na¬ 
sal spine to the tip of the soft palate contour. A mean 
of 37 mm in a group of normal subjects was calculat¬ 
ed by Riley et al. [26], Several studies described a lon¬ 
ger soft palate in OSA patients (AHI>10) [3, 4, 20, 22, 
26, 37] and in snorers (AHI<10) [22] compared with 
controls. When OSA patients and snorers are com¬ 
pared, the soft palate is longer in OSA patients [22, 
39]. The soft palate is also thicker and has an increased 
area in OSA patients than in controls [20, 37]. Batta- 
gel and L'Estrange [5] had slightly different results: in 
this study the soft palate was not longer but did have 
an increased area in OSA patients versus controls. 
Battagel and L'Estrange also calculated a four-vari¬ 
able model, including soft palate area and the width 
of the pharynx where the soft palate was at its thick¬ 
est. This model, with two velopharyngeal parameters, 
provided a 100% discrimination between OSA and 
control groups [5], The cephalopmetric evaluation of 
the velopharynx is not only limited to the description 
of the soft palate. Several studies documented a re¬ 


duced airway space at the level of the velopharynx [5, 
20, 35, 37]. 

A disadvantage of this technique is the fact that 
one is limited to the assessment of static measure- 



Fig. 27.6. An example of a cephalogram 



Fig. 27.7. Cephalogram with indication of different land¬ 
marks according to Riley et al. [26]. S sella, N nasion, ANS an¬ 
terior nasal spine, PNS posterior nasal spine, A subspinale, Pg 
pogonion, B supramentale, Gn gnathion. Go gonion, MP man¬ 
dibular plane, H hyoid, PAS posterior airway space. (From [26] 
with permission) 
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ments, so dynamic information, which may be of 
clinical significance, cannot be obtained. Another 
disadvantage of this technique is that subjects have 
to be dentated. 


CT and MRI 


Another way to investigate the upper airway is CT 
and MRI. Compared with CT, MRI has an improved 
soft-tissue contrast and the ability to create multipla- 
nar imaging. In addition to this, on magnetic reso¬ 
nance images there are no dental amalgam artifacts 
and beam-hardening artifacts from the dense man¬ 
dible as is the case with CT images. Specific metals 
do produce artifacts on magnetic resonance images; 
however, this image distortion is limited to the im¬ 
mediate area of the offending material and does not 
produce the global image disruption that occurs on 
CT scans. 

Several CT and MRI studies have detected a small¬ 
er upper airway in OSA patients [6, 12,14, 30-32], In 
addition to this, the upper airway of the OSA patient 
has a different geometric configuration as opposed to 
that of controls. This finding was first described by 
Rodenstein et al. [27]. In normal subjects, the cross- 
sectional airway has an elliptic shape with the ma¬ 
jor axis in the laterolateral dimension. However, in 
OSA patients and snorers the cross section of the up¬ 
per airway is circular or elliptic, with the major axis 
in the anteroposterior dimension. This difference in 
shape is due to a reduction of the laterolateral diam¬ 
eter [27] (lateral narrowing) (Figs. 27.8, 27.9). Schwab 
et al. [31] confirmed these findings and found the lat¬ 
eral narrowing to be the result of thickening of the 
lateral walls. 

When interpreting these MRI data, one must 
take into account the relatively long scanning time. 
As a consequence, magnetic resonance images are 
means of multiple respiratory cycles. These mean val¬ 
ues might not be representative of the actual situa¬ 
tion since OSA and snoring are dynamic processes. 
Recently ultrafast MRI has become available to give 
some information of the dynamic aspects. Using this 
technique, Ciscar et al. [7] found the velopharyngeal 
airway to be smaller in OSA patients than in con¬ 
trols only during part of the respiratory cycle! In this 
study, measurements were not only obtained during 
wakefulness, but also during sleep. During sleep the 
differences between OSA patients and controls in ve¬ 
lopharyngeal airway area intensified. Dynamic mea¬ 
surements showed that in OSA patients the variations 
of the velopharyngeal airway during the respirato¬ 
ry cycle are larger than in controls. These variations 
were also accentuated during sleep [7]. 



Fig. 27.8. Magnetic resonance image of the pharynx in a nor¬ 
mal subject. (From [27] with permission) 



Fig. 27.9. Magnetic resonance image of the pharynx in a pa¬ 
tient with simple snoring. (From [27] with permission) 


Discussion 


The most relevant abnormalities of the velopharynx 
in the snorer and the OSA patient are a long soft pal¬ 
ate and uvula, and narrowing of the cross-sectional 
area. 
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Palatal and Pharyngeal Anatomy 

The importance of the velopharyngeal structures 
in the pathogenesis of snoring and OSA has already 
been established; hence the assessment of these ve¬ 
lopharyngeal structures in the patient with snoring 
(and possibly OSA) plays a pivotal role in determin¬ 
ing possible surgical treatment modalities. This is il¬ 
lustrated by the significantly higher success rate of ve¬ 
lopharyngeal surgery, such as uvulopalatopharyngo- 
plasty, as a treatment for OSA in patients with type 
I narrowing or collapse (only at the velopharyngeal 
level) [34], Unfortunately there is no standard way to 
describe the clinical features associated with snor¬ 
ing and OSA. Moreover, there are no clear descrip¬ 
tions of the normal velopharyngeal anatomy to our 
knowledge. Consequently the clinical examination 
should be performed by a physician with experience 
in the assessment of patients with sleep-disordered 
breathing. Even so, clinical evaluation remains based 
on subjective measurements of the observer, so one 
has to take into account the interobserver variabili¬ 
ty. Concerning the Mallampati technique (in predict¬ 
ing difficult intubation) for example, a poor interob¬ 
server reliability has been documented [18]. Never¬ 
theless, clinical evaluation remains a vital keystone in 
the overall assessment. 

Cephalometry and CT and MRI are also very help¬ 
ful in screening for velopharyngeal abnormalities and 
the site of pharyngeal collapse. According to Sher et 
al. [34], the methods most clinically useful in deter¬ 
mining the site of collapse are fiberoptic endoscopy 
(with or without a Muller maneuver) and cephalom¬ 
etry. 

Several considerations have to be made concern¬ 
ing the everyday assessment of the patient with snor¬ 
ing and OSA. One must realize that the findings ob¬ 
tained during wakefulness might not be applicable 
during sleep! The site of collapse cannot always be 
predicted using awake measurements [16], partly be¬ 
cause the additional effect of muscle relaxation dur¬ 
ing sleep [24, 28] can result in an increased collaps- 
ibility. Variations in airway narrowing are greater in 
the sleeping versus the awake patient [7], For this rea¬ 
son, sleep nasendoscopy can be performed in order to 
decide if a certain patient is a candidate for velopha¬ 
ryngeal surgery. Before, this technique was only used 
in research settings, but now it is becoming more and 
more a routine examination in the assessment of the 
snoring patient. 

One must also not forget the effect of posture and 
head position on pharyngeal narrowing. Cross-sec¬ 
tional area decreases when lying down [17, 23], and 
hyperextension of the neck increases the pharyngeal 
dimension [31]. 

Finally, the physiological function of the velopha- 
rynx in deglutition and speech may not be underes¬ 
timated and must be respected when surgical altera¬ 
tions are made for treating snoring and OSA. 
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Core Messages 


Obstructive sleep apnea (OSA) is a signifi¬ 
cant health problem. The cardinal symptoms 
of OSA are heavy habitual snoring, witnessed 
intermittent apneas, and excessive daytime 
sleepiness. 

Patients with OSA are at high risk of devel¬ 
oping postoperative complications when un¬ 
dergoing surgery under general anesthesia. 
This holds true for surgery to cure OSA and 
for any other surgery. 

Surgeons of all specialties, and especially 
anesthetists, should be aware that undiag¬ 
nosed OSA is common. They should be alert 
to patients who are at risk of having OSA 
and be aware of the potential preoperative 
and postoperative complications in such pa¬ 
tients. 

Surgeons and anesthetists should cooperate 
in developing a protocol whereby patients in 
whom the possibility of OSA is suspected on 
clinical grounds are evaluated long enough 
before the day of surgery to allow prepara¬ 
tion of a perioperative management plan. 

Management options include alternative 
methods of pain relief, use of nasal continu¬ 
ous airway pressure before and after surgery, 
and postoperative airway surveillance, espe¬ 
cially after nasal and upper-airway surgery. 

An algorithm for management of difficult 
airways should be established preoperatively 
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Tips and Pearls 

1. Consider the possibility of OSA in patients 
with the following signs and symptoms: 

(a) Snoring and witnessed apneas 

(b) Excessive daytime sleepiness 

(c) Hypertension 

(d) A large neck circumference 
(more than 43 cm) 

(e) Maxillary hypoplasia 

(f) Retrognathia (receding chin) 

(g) Body mass index above 30 

2. If you suspect a patient has OSA, you should 
refer him/her to a specialist in the manage¬ 
ment of this disorder (this may be a respiratory 
physician, an ENT surgeon, or a sleep 
physician, depending on local expertise). You 
should postpone any elective general anes¬ 
thesia until the patient has seen a specialist. 
Consider local anesthesia if this is feasible. 

3. Avoid giving sedative premedication to pa¬ 
tients with OSA. You should also avoid using 
opioids and benzodiazepines perioperatively 
in these patients. 
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4. Tell patients using continuous positive airway 
pressure at home to bring the apparatus to the 
hospital with them and to use it frequently 
preoperatively. The system must be available 
for immediate use postoperatively. 

5. High-dependency nursing is advisable for pa¬ 
tients with severe OSA or for patients in whom 
the disease was suspected perioperatively. 


Sleep and the Upper Airway 


Sleep is an integral part of human existence and is 
now, more than ever, the subject of clinical and re¬ 
search interest. Why do we spend approximately one 
third of our lives asleep? Sleep probably has a recovery 
function, especially for the brain. Theories of nonrap¬ 
id eye movement sleep suggest a role in energy con¬ 
servation and in nervous system recuperation. Rap¬ 
id eye movement sleep may have a role in localized 
recuperative processes and emotional regulation. Es¬ 
pecially during this state the body is at its most re¬ 
laxed state, owing to loss of skeletal muscle tone, and 
the upper airway may collapse in a three-dimension¬ 
al way when preexistent slackening and narrowing of 
the upper airway is present owing to excess fatty tis¬ 
sue [12, 32], Two important consequences will arise 
when airflow accelerates through the narrowed upper 
airway: vibration due to turbulent flow patterns and a 
tendency to collapse completely (apnea: complete ces¬ 
sation of oronasal airflow in a minimum of 10 s) or 
partially (hypopneas: 50% reduction in oronasal air¬ 
flow accompanied by a decrease of more than 4% in 
ongoing PaCh) as a result of the Bernoulli effect [34]. 
This in turn causes repetitive arousal from sleep to 
restore airway patency. The prevalence of obstructive 
sleep apnea (OSA) in middle age is 2% for women and 
4% for men [39]. In practice, OSA seems to be under¬ 
reported; OSA is undiagnosed in an estimated 80% of 
patients [38], Patients with OSA are particularly vul¬ 
nerable during anesthesia and sedation [7, 21], This 
is not only the case for operations or other invasive 
interventions aiming at alleviation of OSA through 
reduction of the obstructive upper airway; even af¬ 
ter surgery not related to OSA, such as hip and knee 
operations, patients with OSA are at risk of develop¬ 
ing respiratory and cardiopulmonary complications 
postoperatively. Serious complications include rein¬ 
tubations and cardiac events [13]. Anesthetic man¬ 
agement must focus on and address the likelihood of 
morphological alterations of the upper airway lead¬ 
ing to an increased rate of difficulties in securing and 
maintaining a patent airway [8]. 


Preoperative Aspects 


Anesthetists are the key figures in the early recog¬ 
nition of undiagnosed OSA, because of their role in 
preoperative screening. Heavy and persistent snor¬ 
ing, sudden awakenings accompanied by choking, 
apneas as observed by the bed partner [8], and exces¬ 
sive sleepiness during daytime [30] are characteristic 
symptoms of OSA. OSA can also be associated with a 
wide variety of other symptoms (Table 28.1) and signs 
(Table 28.2), which unfortunately are not very specif¬ 
ic. The Epworth sleepiness scale can be used to screen 
for OSA, but its specificity and sensitivity are also low. 
Ideally, full-night polysomnography is used to deter¬ 
mine if OSA is present. Obesity (body mass index 
above 30) and especially a large neck circumference 
(more than 43 cm) have a positive correlation with 
severe OSA, because these conditions involve exten¬ 
sive soft-tissue enlargements of the upper airway [24], 
Other predisposing factors include increasing age, 
[39] male sex [39], and use of alcohol [33], 

The risk of developing perioperative complica¬ 
tions is increased not only by the presence of OSA 
but also, not surprisingly, by comorbidity associated 
with OSA. There is evidence that patients with OSA 
have an increased risk of developing hypertension, 
arrhythmias, heart attacks, right heart failure, pul¬ 
monary hypertension, and strokes [15,19, 20, 26,27]. 
Polycythaemia, initiated by a hypoxia-driven pro¬ 
duction of erythropoietin by the kidneys, is common 
[4], The American Society of Anesthesiologists’ Task 
Force has constructed practice guidelines for the peri¬ 
operative management of patients with OSA [1], They 
propose a scoring system which may be used to esti¬ 
mate whether a patient is at increased perioperative 
risk of complications from OSA. It must be empha¬ 
sized that this scoring system is not yet validated and 
is meant only as a guide, and clinical judgment should 
be used to assess the risk of an individual patient (Ta¬ 
bles 28.3,28.4). 


Assessment of Risk that Tracheal 
Intubation May Be Difficult 


OSA is, by definition, a problem of the upper airway. 
Its presence indicates an increased likelihood of diffi¬ 
cult intubation and airway maintenance under anes¬ 
thesia. Three different groups of patients undergoing 
general anesthesia can be defined that require three 
different strategies for managing the upper airway: 
patients who have been diagnosed with OSA, patients 
with symptoms suggestive for OSA and patients who 
lack signs of the syndrome or in whom such features 
are missed preoperatively. 









275 


Risks of General Anesthesia 

Table 28.1. Symptoms associated with obstructive sleep ap¬ 
nea (OSA) 



Table 28.2. Physical characteristics associated with OSA 

Nasal obstruction (deviation of the septum or hyper¬ 
trophic conchae inferiors) 

Edematous or long soft palate or uvula 
Hypertrophic tongue tonsils 
Narrow oropharynx 

(large tonsils, redundant pharyngeal arches) 
Adiposity or large neck circumference 
Retrognathia 
Maxillary hypoplasia 


Tips and Pearls 

No staging system can prevent unexpected dif¬ 
ficulties in tracheal intubation, so any patient 
diagnosed as having OSA or in whom prob¬ 
lematic intubation is anticipated on the basis 
of clinical signs (obesity, limited mouth open¬ 
ing, or a large tongue) should be treated as 
having a difficult airway until this has been 
proved otherwise. 


A difficult airway is defined as the clinical situation in 
which a conventionally trained anesthetist experienc- 


Chapter28 

es difficulty with face mask ventilation of the upper 
airway, difficulty with tracheal intubation, or both. 
The purpose of the American Society of Anesthesi¬ 
ologists’ guidelines is to reduce the likelihood of ad¬ 
verse outcomes by providing basic recommendations 
[2]. 

Orotracheal intubation, especially in severely 
obese patients with OSA, may be extremely difficult 
and postoperative airway obstruction due to swelling 
or bleeding should be anticipated. Alterations in cra¬ 
niofacial morphology contributing to OSA - such as 
macroglossia, retrognathia, a narrow hypopharynx 
because of fat deposition in the lateral walls of the 
pharynx, or an anteriorly displaced larynx - also have 
an impact on anesthetic management [11, 22, 36], 

Although no strong relation between cephalo¬ 
metric variables and the incidence of OSA has been 
found, two anatomical landmarks were shown to be 
important in patients with OSA: 

1. Interiorly positioned hyoid (distance between chin 

and hyoid bone) [3,14] 

2. Increased length of the soft palate [3,14] 

Mallampati et al. [22] constructed a staging system to 
predict difficult tracheal intubation. In general, oral 
intubation is hindered when patients are categorized 
as Mallampati stage 3 or 4, [22, 36] although Siyam 
and Benhamou [31] failed to find a correlation of this 
preoperative staging system with more difficult intu¬ 
bation. 

Whenever possible, an airway history, physical ex¬ 
amination, and review of medical records may im¬ 
prove the detection of difficult airway in patients with 
OSA, thereby enabling the anesthetist to prepare the 
patient and the anesthesia team for the occurrence of 
airway difficulties. In some patients, additional evalu¬ 
ation may be indicated to further judge the likelihood 
of the anticipated airway difficulty. 


Perioperative Aspects 


Premedication 


Preoperative sedation with benzodiazepines before 
the induction of general anesthesia has muscle-relax¬ 
ing effects on the upper-airway musculature, caus¬ 
ing an appreciable reduction of the pharyngeal space. 
Consequently, a higher risk of preoperative phases of 
apnea and/or hypopnea and consecutive hypoxia and 
hypercapnia arises after administration, and oxygen 
saturation needs to be monitored adequately [9,28]. If 
needed, oxygen can be given by an insufflation mask 
preoperatively, and application of nasal continuous 
positive airway pressure (with oxygen) might be nec- 
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Table 28.3. Identification and assessment of OSA: Example 

A. Clinical signs and symptoms suggesting the possibility of OSA [1] 

1. Predisposing physical characteristics: 

a. BMI35 kg/m2 [95th percentile for age and gender]* 

b. Neck circumference 17 in. (men) or 16 in. (women) 

c. Craniofacial abnormalities affecting the airway 

d. Anatomical nasal obstruction 

e. Tonsils nearly touching or touching in the midline 

2. History of apparent airway obstruction during sleep (two or more of the following are present; if patient lives alone 
or sleep is not observed by another person, then only one of the following needs to be present): 

a. Snoring (loud enough to be heard through closed door) 

b. Frequent snoring 

c. Observed pauses in breathing during sleep 

d. Awakens from sleep with choking sensation 

e. Frequent arousals from sleep 

f. [Intermittent vocalization during sleep] * 

g. [Parental report of restless sleep, difficulty breathing, or struggling respiratory efforts during sleep]* 

3. Somnolence (one or more of the following is present): 

a. Frequent somnolence or fatigue despite adequate “sleep” 

b. Falls asleep easily in a nonstimulating environment (e.g., watching TV, reading, riding in or driving a car) 
despite adequate “sleep” 

c. [Parent or teacher comments that child appears sleepy during the day, is easily distracted, is overly aggressive, 
or has difficulty concentrating]* 

d. [Child often difficult to arouse at awakening time]* 

If a patient has signs or symptoms in two or more of the above categories, there is a significant prohability that he 
or she has OSA. The severity of OSA may be determined by sleep study. If a sleep study is not available, such patients 
should be treated as though they have moderate sleep apnea unless one or more of the signs or symptoms above is 
severely abnormal (e.g., markedly increased BMI or neck circumference, respiratory pauses that are frightening to the 
observer, patient regularly falls asleep within minutes after being left unstimulated), in which case they should be 
treated as though they have severe sleep apnea, 
usual awakening time]* 

B. If a sleep study has been done, the results should be used to determine the perioperative anesthetic management of 
a patient. However, because sleep laboratories differ in their criteria for detecting episodes of apnea and hypopnea, 
the Task Force believes that the sleep laboratory’s assessment (none, mild, moderate, or severe) should take precedence 
over the actual AHI (the number of episodes of sleep- disordered breathing per hour). If the overall severity is not 
indicated, it may be determined by using the table below: 

BMI body mass index, AHI apnea-hypopnea index 


essary postoperatively, especially when severe OSA is 
present [7]. 


Intubation Technique 

The main goal in all patients is to avoid inadequate 
ventilation and oxygenation resulting in hypoxemia 
or hypercapnia and any associated hemodynamic 
changes (such as tachycardia, arrhythmia, and hy¬ 
pertension) leading to increased morbidity and mor¬ 


tality. Death, brain injury, cardiopulmonary arrest, 
airway trauma, and damage to teeth are among the 
adverse events associated with difficult airway man¬ 
agement. 

One important strategy in patients with a known 
or suspected difficult airway may be the avoidance of 
the necessity for invasive airway management. When¬ 
ever feasible, local anesthesia infiltration or regional 
blockades should be preferred in these patients. 

Components of the preoperative physical examina¬ 
tion of the airway are shown in Table 28.5. It is widely 
accepted that preparatory effects will help minimize 
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Table 28.4. OSA scoring system: example [1] 


A. Severity of sleep apnea based on sleep study 

(or clinical indicators if sleep study not available). 
Point score_(0-3) 

Severity of OSA** 

None 0 

Mild 1 

Moderate 2 

Severe3 


B. Invasiveness of surgery and anesthesia. 

Point score_(0-3) 

a. Superficial surgery under local 

or peripheral nerve block anesthesia without 
sedation 0 

b. Superficial surgery with moderate sedation 

or general anesthesia 1 

c. Peripheral surgery with spinal or epidural 

anesthesia (with no more than moderate 
sedation) 1 

d. Peripheral surgery with general anesthesia 2 

e. Airway surgery with moderate sedation 2 

f. Major surgery, general anesthesia 3 

g. Airway surgery, general anesthesia 3 


**Severity of OSA Adult AHI 


None 0-5 0 

Mild OSA 6-20 

Moderate OSA 21-40 

Severe OSA 40 


Pediatric AHI 


C. Requirement for postoperative opioids. 

Point score_(0-3) 

None 0 

Low-dose oral opioids 1 

High-dose oral opioids, parenteral 
or neuraxial opioids 3 

D. Estimation of perioperative risk. Overall score 

The score for A plus the greater of the score for either B or C. 

Point score_(0-6) 

A scoring system similar to this table may be used to 
estimate whether a patient is at increased perioperative risk 
of complications from OSA. This example, which has not been 
clinically validated, is meant only as a guide, and clinical 
judgment should be used to assess the risk of an individual 
patient. 

*One point may be subtracted if a patient has been on 
CPAP or NIPPV before surgery and will be using his or her 
appliance consistently during the postoperative period 


tOne point should be added if a patient with mild or 
moderate OSA also has a resting arterial carbon dioxide 
tension (PaC02) greater than 50 mmHg 
tPatients with a score of 4 may be at increased 
perioperative risk from OSA: patients with a score of 5 or 6 
may be at significantly increased perioperative risk from OSA 


CPAP continuous positive airway pressure, NIPPV noninvasive positive pressure ventilation 


the risk in patients presenting with a difficult airway. 
In these cases, the patient should be informed of par¬ 
ticular risks and management protocols of the diffi¬ 
cult airway. Equipment for management of a difficult 
airway should be in place before induction of general 
anesthesia and it is recommended to have another ex¬ 
perienced anesthetist on standby. Before intubation, 
preoxygenation for 3 min or more is a must. 

When general anesthesia is induced in patients 
with a known or suspected difficult airway, tracheal 
intubation will still be successful in a number of pa¬ 
tients without problems, especially when performed 
by an experienced anesthetist. If the initial intuba¬ 
tion attempt fails, an additional anesthetist should be 
called if not already present, and the option of waken¬ 
ing the patient and returning to spontaneous ventila¬ 
tion should be considered depending on the urgency 
of the surgical procedure. The possibility of face mask 
ventilation is the key issue for all further proceedings: 
when face mask ventilation and oxygenation of the 
patient are possible, repeated attempts at tracheal in¬ 
tubation can be attempted, with modified techniques 
where necessary. Alternative approaches may be the 
use of a fiberoptic bronchoscope, the use of special la¬ 
ryngoscope blades such as the McCoy blade with the 
option of additional leverage of the epiglottis (Fig. 


28.1), or the use of an intubation stylet. The McCoy 
blade allows a major problem in many OSA patients 
to be overcome: the enlarged tongue. In many pa¬ 
tients, correct positioning of the head will further aid 
in achieving the goal of tracheal intubation. Pressure 
on the cricoid cartilage by an assistant, ideally back¬ 
ward, upward, and toward the right (BURP - back¬ 
ward, upward, rightward pressure) may also facilitate 
identification of the glottis. Any “blind” intubation 
attempts without visualization of the glottis should be 
avoided for they may lead to trauma and swelling in¬ 
terfering with further management of the airway. 

Whenever face mask ventilation is difficult or im¬ 
possible in a patient after induction of general anes¬ 
thesia and a failed intubation attempt, supraglottic 
airway devices such as a laryngeal mask airway or a 
laryngeal tube (Figs. 28.2, 28.3) should be inserted to 
ensure oxygenation of the patient while reconsidering 
intubation strategies. One approach can be to attempt 
fiberoptic intubation via the supraglottic airway de¬ 
vice, directly or with a tube-exchange catheter, after 
preoxygenation of the patient. Using the intubating 
laryngeal mask airway, which provides a curved steel 
shaft guiding the fiberscope towards the glottis, will 
facilitate fiberoptic intubation (Fig. 28.4). Reconsider¬ 
ing the necessity of tracheal intubation versus the pos- 
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Fig. 28.1. McCoy 



Fig. 28.2. Laryngeal mask airway 


sibility of maintaining the airway with a supraglottic 
airway device for the surgical procedure planned may 
be another option. Innovative substitutes to trache¬ 
al intubation and face mask ventilation such as laryn¬ 
geal tube suction (Fig. 28.5) or the ProSeal laryngeal 
mask airway (Fig. 28.6) provide an additional lumen 
allowing positioning of a gastric tube and suctioning 
and should be favored over the ordinary devices in 
obese patients since a better airway seal is achieved. 


Life-Threatening Conditions 


The presence of a preformulated strategy to ensure 
oxygenation and achieve tracheal intubation is ab¬ 
solutely mandatory in any situation requiring urgent 
airway maintenance. The emergency airway should 



Fig. 28.3. Laryngeal 
tube 


Table 28.5. Components of preoperative physical examina¬ 
tion of airway that may indicate difficult intubation [2] 


Airway investigation 

Disturbing findings 

element 


Length of neck 

Short 

Thickness of neck 

Thick 

Range of motion 

Patient cannot touch tip 

of head and neck 

of chin to chest or cannot 

Visibility of uvula 

extend neck 

Shape of palate 

Thyromental distancea 
Compliance of mandibular 

Not visible when tongue is 
protruded with patient in 
sitting position 

Highly arched or very 
narrow 

Length of upper incisors 

Less than three ordinary 

Normal jaw closure 

finger breadths 

Interincisor distances 

Stiff, indurated, occupied by 


mass, or nonelastic 


Prominent “overbite” 

Less than 3 cm 


“Measured along a straight line from the thyroid notch to the lower 
border of the mandibular mentum with the head fully extended 


be basically the same as described already, but the 
choice of the options and strategies should be nar¬ 
rowed down to the techniques the anesthetist is most 
familiar with. 
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Fig 28.4. Laryngeal mask airway with a curved steel shaft 
guiding the fiberscope towards the glottis 



Fig 28.6. ProSeal laryngeal mask airway 


Tips and Pearls 

Patients with extreme anatomical anomalies 
should be intubated in alert condition with 
optimal local anesthesia [10]. 


Once the glottis has been successfully identified, the 
tracheal tube can be advanced and general anesthesia 
can be inducted. If the procedure fails owing to lack 
of patient cooperation, difficulties in identifying the 
glottic aperture caused by anatomical aberrations, or 
massive secretion, the case may be canceled. 

In any patient requiring urgent oxygenation, su- 
praglottic airway devices should be inserted early 
even when face mask ventilation is possible since the 
airway seal with these devices is superior and the rate 
of gastric insufflation is therefore lower. Fiberoptic in¬ 
tubation via these devices or the use of a newer supra- 


ditional lumen allowing 
placement of a gastric 
tube and suctioning 



glottic alternative providing access to the alimentary 
tract for suctioning should be considered. In the case 
of a ventilation emergency, surgical tracheostomy or 
needle cricothyroidotomy should be considered ear¬ 
ly, especially if the problem is caused by airway ob¬ 
struction on the glottic level [29], The latter might be 
considered as the first choice in some patients with 
the options of surgical or percutaneous tracheosto¬ 
my and surgical or needle cricothyroidotomy with 
the option of jet ventilation. ENT surgeons and anes¬ 
thetists should cooperate closely in these critical in¬ 
cidents, and also in the preoperative and periopera¬ 
tive management of all patients with OSA undergo¬ 
ing surgery. 


Postoperative Aspects 


Extubating the Difficult Airway 


The surgical procedure and the condition of the pa¬ 
tient, as well as any known or suspected trauma to the 
upper airway due to manipulations during the pro¬ 
cess of securing the airway, will influence the anes¬ 
thetist’s strategy for extubating the patient with a 
difficult airway. Despite the fact that removal of the 
tracheal tube will not be a problem, reinsertion, if re¬ 
quired, will certainly not be easier than during the 
first effort. 
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Tips and Pearls 

To avoid swelling of the pharynx and glottis 
after surgery and the edema induced by ma¬ 
nipulation during repeated intubation at¬ 
tempts, steroids are recommended. 


Tracheal extubation should be carried out only when 
the patient is conscious, communicative, and breath¬ 
ing spontaneously with an adequate tidal volume and 
oxygenation. Full reversal of neuromuscular block 
should be verified and extubation is preferred in lat¬ 
eral, semiupright, or nonsupine position [9], After ad¬ 
equate suctioning of secretions in the pharynx, the 
cuff should be deflated with closure of the tube to 
check breathing sounds around the tube. Complete 
airway obstruction is possible if breathing sounds are 
negative and the patient should be taken to an inten¬ 
sive care unit for extended weaning. Most patients do 
not need continuous monitoring in the postoperative 
phase, but the decision to discharge these patients 
from the recovery room to a regular ward, an inter¬ 
mediate care unit, or an intensive care unit should be 
based on the type of procedure, the overall condition 
of the patient, the severity of OSA, and the infrastruc¬ 
ture of the hospital. 


Respiratory Depression (Arrest) 

Respiratory depression and repetitive apneas often 
occur directly after extubation in patients with OSA 
[7], Use of opioids increases this risk, and intravenous 
administration may cause delayed (4-12 h after ad¬ 
ministration) respiratory depression [6, 16, 25]. We 
believe that opioids should only be used when non¬ 
steroid anti-inflammatory drugs or regional anesthe¬ 
sia cannot be administered or is insufficient. In some 
cases it may be wise to titrate short-acting opioid vari¬ 
ants until pain sensation is sufficiently diminished. 
When patient-controlled systemic opioids are used, 
continuous infusions should be used with extreme 
caution or avoided entirely [1], 


Tips and Pearls 

I Continuous pulse oximetry is strongly recom¬ 
mended after discharge from the recovery 
room and should be maintained as long as 
patients remain at risk, and until they are able 
to maintain their baseline oxygen saturation 
while breathing room air [1]. 


Ostermeier et al. [25] state that patients with OSA are 
at increased risk of developing respiratory problems 
postoperatively in the absence of pain. Pain would 


prevent the rebound of rapid eye movement sleep and 
diminish stage 3 and stage 4 sleep, which also pre¬ 
disposes to collapse of the upper airway, around the 
third day postoperatively [18]. It is postulated that the 
number of possible breathing depressions would thus 
decline [25], Use of nasal continuous positive airway 
pressure preoperatively and immediately postopera¬ 
tively could reduce the risk of developing respiratory 
depression and is strongly advised in severe OSA [7]. 
Corrective airway surgery does not alleviate OSA im¬ 
mediately and patients undergoing these procedures 
should be assumed to remain at risk for OSA compli¬ 
cations unless a normal sleep study has been obtained 
and symptoms have not recurred [1], 


Obstruction of the Upper Airway 

Surgery of the upper airway - especially uvulopala- 
topharyngoplasty and (adeno) tonsillectomy - causes 
tissue damage and produces edema and occasional¬ 
ly (considerable) hematomas. These changes can in¬ 
stigate or increase narrowing of the upper airway and 
even lead temporarily to severe OSA, particularly 
when opioids and sedating drugs are administered as 
well [5, 23]. Mortality after reconstruction of the soft 
palate (palatoschisis, uvulopalatopharyngoplasty - 
30-day mortality rate 0.2%), due to obstruction of the 
upper airway, has been reported [17,35], Patients with 
severe OSA will need prolonged tracheal intubation 
or tracheotomy. Supplemental oxygen should be ad¬ 
ministered with caution, because the ventilation pro¬ 
cess may be dependent on its “hypoxic” drive and may 
increase the duration of apneic episodes and may hin¬ 
der detection of atelectasis, transient apnea, and hy¬ 
poventilation by pulse oximetry [1]. 

Nasal obstruction also has a role in the natural his¬ 
tory of OSA, but its impact as a contributing factor re¬ 
mains unclear. Nasal surgery alone seems to cure only 
16% of patients with OSA and nasal obstruction [37]. 
A decreased nasal passage may not be the major con¬ 
tributor to OSA, but nasal or sinus surgery with use of 
packs does constitute an extra risk. Observation in a 
medium or high care unit as long as the packs are in 
place is advisable, and in the case of severe OSA full- 
face continuous positive airway pressure is needed to 
prevent dangerous apneas. The effectiveness of a ther¬ 
apeutic alternative - a ventilation channel inside the 
nasal pack - is often very disappointing. Use of mat¬ 
tress sutures alone, without packing, could be of great 
value. Gupta et al. [13] found a twofold increased risk 
of developing complications in patients with OSA 
who had knee or hip surgery compared with patients 
without OSA after the same operation. Use of nasal 
continuous airway pressure preoperatively and post¬ 
operatively may reduce this complication risk [8], 
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Extreme caution should be exercised when pro¬ 
viding perioperative anesthesia to patients with 
OSA. Careful airway history, physical examina¬ 
tion, and review of medical records may improve 
the detection of a difficult airway in patients with 


OSA, and allow the anesthetist to prepare the pa¬ 
tient and the anesthesia team for the occurrence 
of airway difficulties. 
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Core Messages 


■ The goal of treatment of primary snoring is 
the reduction of both the duration and the 
intensity of snoring to a socially acceptable 
level. 

■ The goal of treatment of upper-airway resis¬ 
tance syndrome and obstructive sleep ap¬ 
nea (OSA) includes complete elimination of 
all apneas, hypopneas, desaturations, arous- 
als, snoring and other related symptoms in 
all body positions and all sleep stages if pos¬ 
sible, without harming the patient. 

■ Concerning children, a widespread consen¬ 
sus exists that an apnea-hypopnea index of 2 
or above is considered as pathological. 

■ Continuous positive airway pressure (CPAP) 
with its various modifications remains the 
gold standard for the treatment of OSA. 

■ Primary snoring and OSA are different man¬ 
ifestations of the same pathophysiological 
disorder. 

■ In treating patients with sleep-disordered 
breathing, the aggressiveness of treatment 
should correlate with the severity of disease: 
the more severe the disease, the more aggres¬ 
sive the therapy. 

■ Nasal surgery seldom affects the severity of 
OSA and is of use only in those patients with 
primary snoring. Nasal surgery may be indi¬ 
cated as adjuvant therapy especially to facili¬ 
tate a nasal ventilation therapy. 

■ In cases of more severe OSA, surgery is only 
indicated after unsuccessful nasal CPAP 
therapy. 
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The severity of sleep-disordered breathing (SDB) is 
crucial in deciding which therapy is most suitable for 
which patient. The simple snorer is not ill. Therefore, 
the goal of treatment in the case of primary snoring 
lies in the reduction of both the duration and the in¬ 
tensity of snoring to a socially acceptable level. 

During the evaluation and treatment of snoring, 
the surgeon should remember that: 


A treatment should not harm the patient. 

A treatment should only be carried out if the 
patient has explicitly articulated such a wish. 
After any treatment nasal ventilation therapy 
should remain possible [1]. 


This last aspect is of importance owing to the fact that 
the incidence of obstructive sleep apnea (OSA) in¬ 
creases with age [13], Especially after aggressive soft- 
palate surgery, many cases have been described in 
which nasal ventilation therapy was no longer possi¬ 
ble owing to the development of a nasopharyngeal in¬ 
competence or stenosis [16], The risk of such compli¬ 
cations has discouraged soft-palate surgery in certain 
geographic areas. 

In the case of upper-airway resistance syndrome 
(UARS) and OSA, the goal of treatment consists in a 
complete elimination of all apneas, hypopneas, desat¬ 
urations, arousals, snoring and other related symp¬ 
toms in all body positions and all sleep stages. Of 
course, here it also has to be stressed that a treatment 
should in principle not harm the patient. Therefore, in 
order to achieve the therapy goal, one will be less re¬ 
luctant to consider a more invasive therapy with in¬ 
creased morbidity and complication rate, especially 
when treating harmless primary snoring. 

In general, the severity of OSA is classified accord¬ 
ing to the apnea-hypopnea index (AHI; this is the 
number of apneas plus the number of hypopneas per 
hour of sleep). Unfortunately, especially in the case 
of the mild forms of SDB, the AHI is not necessari¬ 
ly correlated to the clinical symptoms of the patients. 
Furthermore, the AHI is age-dependent. Concerning 
children, a widespread consensus exists that an AHI 
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of 2 or above is considered as pathological. Newborns 
should not have any obstructive apneas [19]. Concern¬ 
ing adults, no generally accepted consensus exists. He 
et al. [10] were able to demonstrate in an examination 
of 385 men with SDB that the mortality risk rises sig¬ 
nificantly above an apnea index of 20. 

In our sleep laboratories in Mannheim and Hamburg 
we therefore use the following distinction: 


□ Mild OSA 

10 < AHI < 20 

IT Moderate OSA 

20 < AHI < 40 

■ Severe OSA 

40 < AHI 


Below an AHI of 10 it is necessary to make a differen¬ 
tial diagnosis between harmless primary snoring and 
a potentially health-impairing UARS. One should 
consider that the above values are applicable to 30- 
year-olds. In the case of a 70-year-old, an AHI up to 
15 may not necessarily need treatment if the patient 
does not have any daytime symptoms. 

Apart from the AHI, the symptoms of the patient 
play a role. That is, a patient with a UARS and an AHI 
significantly below 10, but suffering from intense day¬ 
time sleepiness, may be in need of treatment, where¬ 
as an older patient with an AHI of 15 may not require 
treatment. The concomitant diagnoses also need to be 
considered. Since SDB constitutes riskfactors for myo¬ 
cardial infarction, arterial hypertension and strokes, 
patients with a corresponding history need to be suf¬ 
ficiently treated early on. One should also take special 
note of traffic accidents in the history-taking, as these 
are frequently a result of sleepiness behind the wheel, 
which again suggests the existence of a SDB. 


In the meantime, a multitude of treatment options 
for SDB exist. They can be classified into conservative, 
apparative and surgical methods. This chapter focus¬ 
es on the surgical treatment options for OSA. Howev¬ 
er, the surgeon has always to keep in mind, that respi¬ 
ratory treatment with continuous positive airway pres¬ 
sure (CPAP) with its various modifications remains the 
gold standard procedure. The CPAP ventilation thera¬ 
py according to Sullivan et al. [22], which is for the most 
part nasally applied, splints the upper airway pneumat¬ 
ically from the nares to the larynx (Fig. 29.1), whereas 
surgical procedures often only address a limited seg¬ 
ment of the upper airway. 

Concerning the implementation of CPAP thera¬ 
py, and its diverse modifications, please refer to the 
specialized literature [4-6]. With a primary suc¬ 
cess rate of 98%, CPAP therapy is alongside trache¬ 
otomy the most successful therapy modality avail¬ 
able. Only these two treatment modalities achieve 
sufficient cure rates in cases of extreme obesi¬ 
ty and severe OSA; therefore, nasal CPAP therapy 
is considered to be the gold standard in the treat¬ 
ment of OSA. All other therapies for OSA must be 
measured against this method. Unfortunately, the 
long-term acceptance rate of CPAP therapy lies be¬ 
low 70% [14], The acceptance rate of CPAP thera¬ 
py especially decreases the younger the patient is, 
and the less his/her subjective symptoms improve 
with CPAP therapy [12], As a consequence, many 
patients with moderate and severe OSA in need of 
treatment have to be secondarily guided into an¬ 
other therapy. Often surgery may help in these cas¬ 
es [21], 

The most widespread and scientifically evaluated 
surgical procedures are listed in Table 29.1. On one 



Fig. 29.1. Method of pneumatic stenting of the upper airway with continuous positive airway pressure. Left : Airway collapse. 
Right: Stabilization with continuous positive airway pressure 
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Table 29.1. Surgical treatment modalities for obstructive sleep apnea 



Laser-assisted surgery of the turbinates 

Septoplasty 

Nose 

Electrosurgery of the turbinates 

Septorhinoplasty 


Radiofrequency surgery of the turbinates 

Inferior turbinoplasty 


Radiofrequency surgery of the soft palate 

Laser-assisted uvulopalatoplasty 


Palatal implants 

Uvulopalatopharyngoplasty 

Soft palate/tonsils 

Cautery-assisted palatal stiffening operation 

Uvulopalatal flap 


Injection snoreplasty 

Transpalatal advancement pharyngoplasty 


Radiofrequency surgery of the tonsils 

Tonsillectomy/tonsillotomy 

Genioglossus advancement 

Base of tongue/ 

Radiofrequency surgery of the base 

Hyoid suspension (thyreohyoidopexy) 

hypopharynx 

Larynx/trachea 

Maxillofacial surgeries 

of the tongue 

Tongue-base reduction 

Repose* tongue suspension 

Laryngeal laser surgery 

Tracheotomy 

Maxillomandibular advancement 

Distraction ostegenesis 



hand, they can be grouped according to the anatom¬ 
ic area addressed and, on the other hand, they can be 
divided into minimally invasive and in invasive tech¬ 
niques. Procedures are regarded as minimally inva¬ 
sive if they (1) can be performed on an outpatient ba¬ 
sis, (2) require only local anesthesia and (3) produce 
little intraoperative and postoperative morbidity and 
complications. 

Within the first years after the implementation of 
uvulopalatopharyngoplasty (UPPP) as treatment for 
OSA in 1981 [7], most authors focused on the prop¬ 
er selection of candidates for UPPP by identifying 
the site(s) of obstruction [26], However, ENT sur¬ 
geons only assumed two sites of obstruction. Fuji- 
ta [8], for example, classified OSA patients into those 
with an obstruction solely behind the soft palate (type 
I), those with an obstruction solely behind the tongue 
(type II) and those with an obstruction behind both 
the soft palate and the tongue (type III). Yet up to 
now, this topodiagnosis has not assisted in raising the 
success rate of soft-palate surgery significantly above 
50% [20], Obviously this theoretical approach was too 
mechanistic, and has been replaced by the multiple- 
level obstruction concept [23], 

Therefore various surgical techniques address¬ 
ing the hypopharyngeal and retrolingual site of ob¬ 
struction were introduced within the following years. 
The Stanford Group was the first to introduce a mul¬ 
tiphase concept to treat OSA [18]. Phase 0 consisted 
in rhinosurgery if thought to be necessary. In phase 
1, the authors combined an UPPP with tonsillecto¬ 
my with genioglossus advancement and hyoid sus¬ 
pension. Nonresponders were offered maxilloman¬ 
dibular advancement as phase 2. Following this algo¬ 


rithm, the authors describe a success rate of 60% after 
phase 1 and of 90% after phase 2; however, not many 
patients were willing to undergo phase 2. 

Today, almost 15 years later, many new treatment 
modalities have been introduced into the field of sleep 
surgery, including various minimally invasive tech¬ 
niques. Inasmuch, the Stanford algorithm cannot be 
recommended in this form any longer. 

Modern concepts do not only focus on OSA but 
also on primary snoring and UARS, as they regard 
primary snoring, on the one hand, and OSA, on the 
other, as different manifestations of the same patho¬ 
physiological disorder (Fig. 29.2) [15]. We agree with 
this conception and have made it the foundation for 
our therapeutic decisions. 

From Fig. 29.2 two important therapy principles 
can be inferred. The first therapy principle correlates 
the aggressiveness of treatment with the severity of 
disease: the more severe the disease, the more aggres¬ 
sive the therapy. For the treatment of primary snor¬ 
ing, minimally invasive techniques with a low com¬ 
plication rate should be preferred. In the case of more 
severe OSA, surgery is only indicated after an unsuc¬ 
cessful nasal CPAP therapy. For a primary surgical 
treatment, an AHI of approximately 30 is considered 
as the threshold value [17]. 

The second therapy principle entails that SDB is 
being considered more and more as a disorder of the 
entire upper airway. Therefore, we now assume that 
this simplified classification into a retropalatal and a 
retrolingual site of obstruction is only applicable for 
primary snoring and, to a certain extent, in the case 
of UARS and mild OSA. Starting with moderate OSA 
with an AHI of approximately 20 events per hour of 
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Fig. 29.2. Continuous 
narrowing of upper air¬ 
way. UARS upper-airway 
resistance syndrome, OSA 
obstructive sleep apnea. 
(Modified after [15]) 


sleep, based on current experiences and data, one be¬ 
gins to consider the possibility of so-called multilev¬ 
el surgery. Also in this case, the appropriate surgical 
technique depends upon the severity of disease and 
the anatomic disposition. 

Figure 29.3 illustrates the indications for the surgi¬ 
cal techniques preferred in Mannheim and Hamburg, 
in relationship to the severity of the SDB. The follow¬ 
ing chapters will discuss these techniques in detail. 

Nasal surgery seldom affects the severity of OSA 
and is of use only in those patients with primary snor¬ 
ing [25], Nevertheless nasal surgery is indicated as ad¬ 
juvant therapy especially to facilitate a nasal ventila¬ 
tion therapy. 

The following procedures should be limited to sim¬ 
ple snorers as up to now there are no published data 
available documenting any efficiency in the treat¬ 
ment of OSA: laser-assisted uvulopalatoplasty, pal¬ 
atal implants, cautery-assisted palatal stiffening op¬ 
eration, and injection snoreplasty. As well, there are 
no sleep studies showing a reduction in AHI after 
radiofrequency treatment of the tonsils. Admitted¬ 
ly, a substantial reduction of the tonsillar volume has 
been documented. From knowledge that tonsillecto¬ 
my is an effective treatment for OSA, there might be 
enough evidence to assume that radiofrequnency sur¬ 
gery of the tonsils is effective also. 

Personally, I do not recommend the transpalatal 
advancement pharyngoplasty and genioglossus ad¬ 
vancement owing to lack of experience. Furthermore, 
tongue-base resections and tracheotomy should only 
be performed as a last resort, the former because of 
increased postoperative morbidity and the need for 
temporary tracheotomy [2, 3, 9], the latter because of 
the impairment of quality of life. Maxillofacial sur¬ 


geries are very effective in cases of maxillofacial mal- 
formities and especially in syndromic patients [11]. In 
sleep apneics without malformations, maxilloman¬ 
dibular advancement cannot be regarded as standard 
procedure. 

Laryngeal OSA is a rare disturbance [24], It either 
occurs in newborns in the form of laryngomalacia or 
in elderly men presenting with a floppy epiglottis. In 
these cases, flexible sleep endoscopy is the diagnostic 
procedure of choice. The treatment strategy depends 
on the clinical findings. 


Conclusion 


In summary, the following parameters need to be 
kept in mind for a comprehensive treatment de¬ 
cision: 

- Age 

- Severity of disease (Fig. 29.3) 

- Desire for treatment in simple snorers 

- Surgical or nonsurgical treatment 

- Body mass index 

- Anatomic findings 

In the case of pediatric SDB both conditions, 
namely, OSA and simple snoring, may in almost 
all patients be cured by adenotonsillectomy. Un¬ 
successful cases should be referred to specialized 
sleep medical centers. 

In adults, I always offer a conservative treatment 
as first-line treatment, in other words CPAP or oral 
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Fig. 29.3. Indications for 
different surgeries depending 
on the severity of obstructive 
sleep apnea. UARS upper-air- 
way resistance syndrome, 

OSA obstructive sleep apnea, 
RFQ radiofrequency surgery, 
UPPP uvulopalatopharyngo- 
plasty, MMA maxilloman¬ 
dibular advancement, 

DOG distraction osteogenesis, 
combined RFT RFT on soft 
palate, tonsils and base of 
tongue; nCPAP nasally applied 
continuous positive airway 
pressure 


snaring 



OSA OSA OSA 


tonsillectomy 
tonsillotomy children • 
RFQ soft palate • 
UPPP/uvulopalatal flap# 
palate laser surgery • 
palatal implants • 
RFQ tongue base • 
hyoid suspension 
resections of skull bas 
MMA/DOC 


combined RFT 
multi-level surgery 
nCPAP 


oral devices 
tracheotomy 


Fig. 29.4. Algorithm for 
treatment decisions in adult 
sleep-disordered breathing. 
UARS upper-airway resistance 
syndrome, OSA obstructive 
sleep apnea, AHI apnea-hy- 
popnea index, BMI body mass 
index (kg/m 2 ), CPAP continu¬ 
ous positive airway pressure 


| diagnostic work-up including sleep study] 



simple snoring 

l 


UARS and OSA, AHI < 30 

/ X 

AHI < 20 AHI > 20 


OSA, AHI > 30 

1 


/ / \ r t 

topodiagnosis topodiagnosis BMI <35 BMI > 35 ine0 | P " 

i 


minimally-invasive 
calculated surgery 


not effective 

I 


calculated 

surgery 


- V 

devices. As a result of daily practice over many 
years, I have developed the algorithm shown in 
Fig. 29.4, which is the basis for all my treatment 
decisions in cases of adult SDB. 

Calculated surgery means that the surgeon makes 
his/her decision depending on the individual ana¬ 
tomic findings. For example, in patients with only 


- V 

palatal narrowing of the upper airway, an isolated 
soft-palate procedure may be sufficient, whereas 
multilevel surgery means that always at least one 
surgical procedure affecting the soft-palate and/ 
or tonsil region is combined with at least one pro¬ 
cedure addressing the tongue-base/hypophar- 
ynx section. 
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Patients with a body mass index of more than 35 
kg rrr 2 hardly meet the surgical criteria of success. 
This is why I do not perform surgery in these mor¬ 
bidly obese sleep apneics. I refer those patients 
to a surgical department for bariatric surgery or 
other therapies for weight loss. 
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Core Messages 


■ Although an increased nasal resistance does 
not always correlate with symptoms of con¬ 
gestion, nasal congestion typically results in 
a switch to mouth breathing. 

■ Nasal airway resistance is responsible for ap¬ 
proximately two thirds of the total airway re¬ 
sistance in wakefulness. 

■ Nasal reflexes play an important role in mod¬ 
ulating upper-airway patency during sleep. 

■ The presence of a high Mallampati score with 
concomitant nasal obstruction is associated 
with an increased risk of obstructive sleep 
apnea syndrome. 

■ Nasal obstruction secondary to allergic in¬ 
flammation has an impact on sleep quali¬ 
ty and its appropriate management seems to 
have a positive effect on subjective sleep qual¬ 
ity and on polysomnographic data. 

■ The most common complaints with use of 
nasal continuous positive airway pressure 
are nocturnal awakenings (46% of patients) 
followed by dryness, congestion and sneez¬ 
ing (44% of patients). 
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Introduction 


Inability to breathe through the nose is a recognized 
cause of disordered breathing during sleep, although 
the true relationship between sleep-related breath¬ 
ing disorders (SRBD) and nasal obstruction is still 
unclear. Sleep-disordered breathing can both re¬ 
sult from and be worsened by nasal obstruction. Na¬ 
sal breathing increases ventilatory drive and nasal 
occlusion decreases pharyngeal patency in normal 
subjects. 

The different clinical aspects of SRBD include pri¬ 
mary snoring, upper-airway resistance syndrome, 
obstructive sleep apnea-hypopnea syndrome (OSAS) 
and hypoventilation syndrome related to obesity 
[54], The most studied form of SRBD is OSAS and 
its incidence is 2-4% in the general adult population 
[23], 

In all circumstances, the nose may have a great 
impact on the severity of SRBD. Sensitized subjects 
during high allergen exposure have impaired nasal 
breathing and likewise everyone who has had a com¬ 
mon cold will have experienced poor nasal breathing 
at night. The consequences of nasal obstruction on 
sleep are day-to-day discomfort, frequent complaints 
of poor sleep quality and daytime fatigue; they are 
well documented. 

Risk factors for sleep-disordered breathing include 
central obesity, male gender, smoking habits, alcohol 
consumption, upper-airway obstruction and cranio¬ 
facial abnormalities. Nasal obstruction must be con¬ 
sidered to be a cofactor in the pathophysiology of 
SRBD. 

Although an increased nasal resistance does not 
always correlate with symptoms of congestion, na¬ 
sal congestion typically results in a switch to mouth 
breathing. The switch to mouth breathing that occurs 
with chronic nasal abnormalities is probably a com¬ 
mon pathway for SRDB [56]. But the relationship be¬ 
tween cause and effect remains a matter of debate. 
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Nasal Resistance 


Nasal airway resistance is responsible for approxi¬ 
mately two thirds of the total airway resistance in 
wakefulness [17]. 

Unlike the oropharyngeal segment in the upper 
airway which is collapsible when muscular tone de¬ 
creases during sleep, the nasal airway segment has a 
more rigid framework, but in the valve area. The nasal 
valve contributes most to total nasal resistance and 
can be thought of as a short resistor of a few millime¬ 
ters in length (Fig. 30.1). Hypotonus of dilator muscles 
in sleep permits the pharynx to comply with inspira¬ 
tory pressures. If airflow resistances are increased by 
nasal disease, complete inspiratory obstructive clo¬ 
sure of the pharynx and apnea can result from nasal 
breathing in sleeping subjects [8], 


Tips and Pearls 

Nasal resistance is mainly under the control of 
the sympathetic nervous system and is de 
pendent on the anatomical location of the 
nasal valve 


Alar dilation muscles are synchronized with inspira¬ 
tion to prevent alar collapse, but their role in nasal 
sleep resistance is limited. The physiology of the na¬ 
sal airway creates and is the result of dynamic situ¬ 
ations where nasal resistance may vary under sever¬ 
al circumstances and under the influence of the na¬ 
sal cycle. Bilateral nasal decongestion may result from 
exercise and hypercapnia. On the other hand, hyper¬ 
ventilation with resulting hypocapnia is followed by 
an increase in nasal resistance. 



0 


0 


0 


Fig. 30.1. The nasal fossa divided into three functional seg¬ 
ments: 1 the valve area, 2 the turbinal valve, where the pink 
and red areas represent the turbinates in vasoconstriction 
(p ink) and in vasodilatation (red), 3 the choana. Segment 2 is 
submitted to vasomotor activity occurring in the turbinates. 
The arrow indicates the inspiratory air stream 


The influence of posture is also well recognized in 
that nasal resistance increases in the recumbent posi¬ 
tion owing to a hydrostatic component. This hydro¬ 
static component contributes to the magnitude of the 
nasal resistive reflexes. For example, the amplitude of 
the nasal cycle is lower when standing up than when 
sleeping in the recumbent position. 

Recumbency increases resistive swelling of in¬ 
flamed nasal mucosa. Furthermore, in patients with 
normal mucosa and unilateral nasal obstruction, con¬ 
tralateral recumbency induces contralateral obstruc¬ 
tion, which increases resistance to nasal breathing; 
and in either dorsal or lateral recumbency the con¬ 
gestive phase of the spontaneous nasal cycle acts in 
a similar way. Nasal resistive reflexes which are ana¬ 
tomically mediated may change the nasal resistance, 
and the respiratory resistors in the nasal fossae also 
determine the distribution oforonasal airflow [7], 

This can explain the “paradoxical nasal obstruc¬ 
tion” phenomenon. When a patient has a fixed unilat¬ 
eral obstruction, the nasal resistance is higher in the 
affected side than in the nonaffected side. When the 
normal side undergoes the congested phase of the na¬ 
sal cycle or when the patient is sleeping on the same 
side as the nonaffected nostril, this results in bilater¬ 
al occlusion and the patient will often attribute the 
problem to the normal side. Unilateral pressure on 
the shoulder or hip-girdle area causes ipsilateral nasal 
congestion and contralateral decongestion. This phe¬ 
nomenon is called the corporonasal reflex. All these 
nasal reflexes play an important role in modulating 
upper-airway patency during sleep. 

Nasal breathing is for many reasons the preferen¬ 
tial breathing route in wakefulness and in sleep even 
if resistance to airflow is high. Nasal airflow enters the 
nasal vestibule at the anterior nares with an air veloc¬ 
ity of 2-3 m/s. The cross-sectional area at the ante¬ 
rior nares is about 90 mm 2 . Where the nasal airflow 
crosses the nasal valve, the cross-sectional area is de¬ 
creased to 30 mm 2 . Owing to the Venturi effect (as 
a given volume of fluid moves through a conduit of 
decreasing diameter, the velocity of the fluid will in¬ 
crease), the air velocity increases to 12-18 m/s at the 
nasal valve level. This contributes to a higher proba¬ 
bility of upper-airway collapse in the nasal valve area 
owing to the Bernoulli effect (as a fluid flows a nega¬ 
tive pressure develops at the periphery of the flow and 
if the flow velocity increases so does the negative pres¬ 
sure). If the negative pressure increases at the inter¬ 
face between the airflow and the nasal valve compart¬ 
ment, the force to collapse increases. This is the case 
when compensatory forces from the alar and/or up¬ 
per lateral cartilages are lacking (after surgical resec¬ 
tion, for instance) or in case of inefficiency of the mus¬ 
cle dilators of the valve during inspiration (after a fa¬ 
cial palsy, for instance). After passing the nasal valve, 
the airflow reaches the nasal cavity, where the cross- 
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sectional area is greater (130 mm 2 ) and air velocity 
decreases to 2-3 mm/s. Nasal patency and SRBD are 
thus closely related. Although there is no strict linear 
relationship between the two, there is clear evidence 
that nasal patency must be maintained for patients 
with SRBD. Studies performed in normal subjects, in 
patients with SRBD or in patients with symptomat¬ 
ic nasal obstruction support the most favored patho¬ 
physiological mechanism for the role of upper-airway 
obstruction in the genesis of SRBD: the Starling re¬ 
sistor model (Fig. 30.2). In this model, the pharynx, 
which is the most collapsible part of the upper airway, 
is seen as a collapsible resistor [50]. 

The maximal flow rate at the pharyngeal level is re¬ 
lated to the pressure in the upstream segment (the na¬ 
sal segment) and to the transmural pressure. Once the 
negative transmural pressure reaches a certain lev¬ 
el (the critical closing pressure, Pcrit), the caliber of 
the segment decreases and begins to either oscillate 
(snoring) or partly collapse (hypopnea) or totally col¬ 
lapse (apnea). 

This single model shows that the determinants of 
maximal flow rate through the pharyngeal airway 


The upstream resistance (i.e., the nasal resis¬ 
tance) 

The transmural pressure 

The compliance of the pharyngeal wall 


The Pcrit varies between subjects (normal, snorers 
and apneics) and between the sleep stages. The neg¬ 
ative intraluminal pressure and the Starling resistor 
model are the mechanisms which explain upper-air- 
way obstruction during sleep and may at least partial¬ 
ly explain why nasal patency is most important. 


Nasal Patency and SRBD 

Many studies have focused on the influence of nasal 
patency and its affect on sleep parameters and SRBD. 
The effects of uni(bi)lateral nasal obstruction, the ef¬ 
fects of nasal anesthesia and the effects of nasal va¬ 
soconstriction have been studied in healthy subjects. 
White et al. [75] hypothesized that SRBDs in patients 
with nasal obstruction are secondary to a loss of af¬ 
ferent nasal receptors which are responsible for ven¬ 
tilation control. 

To test the hypothesis that this respiratory dys¬ 
rhythmia could result from loss of neuronal input to 
respiration from receptors located in the nose, they 
anesthetized the nasal fossae of ten normal volunteers 
during sleep using 4% lidocaine sprays as local anes¬ 
thesia in a randomized study versus a placebo (saline 


solution) during the following night. Each subject 
spent four consecutive nights in the sleep laboratory 
while sleep stages, breathing patterns, respiratory ef¬ 
fort and arterial oxygen saturation were monitored. 
The nasal fossae were also sprayed with a decongestant 
to prevent increased nasal airflow resistance resulting 
from mucosal swelling. On the night the placebo (de¬ 
congestant plus saline) was given there were 6.4±1.8 
(standard error of the mean) disordered breathing 
events (apneas plus hypopneas) per subject, where¬ 
as with lidocaine (plus decongestant) this increased 
fourfold to 25.8±7.8 events per subject (p< 0.05). The 
majority of the isordered breathing events were apne¬ 
as and were fairly evenly distributed between central 
and obstructive events. So, the administration of li¬ 
docaine increased pharyngeal obstruction, disturbed 
sleep, increased the number of awakenings and apnea 
and deteriorated the quality of sleep. 

It was also demonstrated that upper-airway an¬ 
esthesia reduces the phasic activity of the most im¬ 
portant upper-airway dilating muscle during sleep, 
namely the genioglossus [3]. 

Berry et al. [3] hypothesized that stimulation of 
upper-airway mechanoreceptors during obstructive 
apnea augments upper-airway muscle activity, and 
that upper-airway anesthesia should reduce mecha- 
noreceptor output and therefore upper-airway muscle 
activity. They studied the effect of upper-airway an¬ 
esthesia on the genioglossus electromyogram and on 
the esophageal pressure deflection during obstructive 
apneas in nonrapid eye movement (non-REM) sleep 
in a group of six men with severe sleep apnea. After 
anesthesia, the mean ratio of the phasic activity of the 
genioglossus electromyogram to the esophageal pres¬ 
sure deflection decreased to 23% of the control values, 
suggesting that stimulation of upper-airway mecha¬ 
noreceptors during obstructive apnea in non-REM 
sleep augments phasic genioglossus activity. 

Nitric oxide is also considered to be an aerotrans- 
mitter between the nose and the lung and its role 
in maintaining upper-airway patency using effer¬ 
ent pathways has been underlined. Haight and Dj- 
upesland [21] asserted that obstructive sleep apnea 


Collapsible segment 



Fig. 30.2. Starling model. Dashed arrow inspiratory airflow, 
Pn pressure in the nose, Php pressure in the hypopharynx, 
Pcrit critical pressure of closure of the airways 
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could be described as the intermittent failure to trans¬ 
port the full complement of nasal nitric oxide to the 
lung with each breath. 

Others investigators have looked at the role of ex¬ 
perimental nasal occlusion on sleep quality in nor¬ 
mal subjects. Use of petroleum jelly and cotton to oc¬ 
clude the nostrils or adhesive tapes on nostrils and 
polysomnographic studies with or without the devic¬ 
es have repeatedly shown that sleep quality worsened 
[34,35, 49, 66, 77]. 

Desaturation (Sa0 2 less than 90%) occurred 27 
times during control sleep compared with 255 times 
during obstructed-nose sleep in a study by Zwillich 
et al. [77] on ten normal men. These desaturation ep¬ 
isodes occurred only during apneas. In the study of 
Olsen et al. [49], the subjects with the nose mechan¬ 
ically obstructed awoke more often, had a greater 
number of changes in sleep stage, had a prolongation 
of REM latency and spent a greater amount of time in 
stage I non-REM sleep (light sleep). About the same 
was observed by Lavie et al. [35], Nasal obstruction 
caused a significant increase in the number of apneas 
during sleep, in the number of microarousals associ¬ 
ated with nonapneic breathing disorders in sleep and 
in the amount of wake time within sleep. Surrat et al. 
[66] concluded that intranasal obstruction with pe¬ 
troleum gauze produces predominantly obstructive 
apneas and hypopneas during sleep. 

Complete nasal packing has also induced similar 
effects on patients who had nasal packs after nasal 
polypectomy or septoplasty [67] or for treating nose 
bleeds [74], These studies performed on volunteers or 
on subjects with no SRBD but subjected to complete 
nasal obstruction with nasal packing suggest that na¬ 
sal obstruction may trigger the induction of sleep-dis¬ 
ordered breathing in normal individuals and that na¬ 
sal breathing increases ventilation efficiency by stim¬ 
ulating certain sensory trigeminal receptors in the 
nasal mucosa. However, the likelihood of developing 
SRBD after nasal resistance variation or nasal anes¬ 
thesia did not concern all the volunteers. 

The relationship between nasal patency and SRBD 
has also been studied in patients with SRBD and in 
patients with abnormal nasal patency. Miljeteig et al. 
[45] studied 683 unselected patients referred for snor¬ 
ing and/or apnea evaluation and assessed nasal resis¬ 
tance and sleep parameters. 

All patients had determination of nasal resistance 
(performed with the patient in the seated posture 
during wakefulness) and nocturnal polysomnogra¬ 
phy including quantitative measurement of snoring. 
They found no correlation between the unilateral or 
bilateral increase of nasal resistance and snoring and / 
or apnea and no direct relation between awake seated 
nasal resistance and sleep parameters. This was also 
confirmed by others studies in which nasal obstruc¬ 
tion was expressed as nasal airway resistance [28]. 


In the study by Miljeteig et al. [46] in 1993, despite 
the significant differences in nasal resistance, they 
were not reflected in the number of snores or their 
sound intensity, during exclusively nasal breathing. 

In a study with positional anterior active rhino- 
manometry De Vito et al. [13] found no statistical¬ 
ly significant differences in the degree of the apnea- 
hypopnea index (AHI) between 20 patients with 
normal positional anterior active rhinomanome- 
try and 16 with pathologic positional anterior ac¬ 
tive rhinomanometry. Some others studies, howev¬ 
er, suggested a relationship based on four different 
arguments. 

Firstly, patients with a complaint of nasal obstruc¬ 
tion and SRBD are at higher risk of developing OSAS 
[38, 40], The contribution of nasal resistance to OSAS 
is rather weak; however, daytime nasal obstruction 
measured by posterior active rhinomanometry (thus 
including the valve area) is clearly assessed as an in¬ 
dependent risk factor for OSAS. In the study of Losafo 
et al. [40] of 541 consecutive snorers, 528 underwent 
nasal resistance measurement by posterior rhino¬ 
manometry with a failure rate of 2.4%. Patients with 
OSAS (n=259) had higher nasal resistance than pa¬ 
tients without OSAS (2.6±1.6 vs. 2.2±1.0 hPa L/s, re¬ 
spectively, p<0.005).It was found that 2.3% of the vari¬ 
ance in the AHI was explained by nasal resistance. In 
a cohort study of patients referred for evaluation of 
SRBD, Liistro et al. [38] found a correlation between 
the Mallampati score (MS). In this study it was pos¬ 
tulated that if the subjects could not breathe through 
the nose, the oral airway must be used, but if this 
airway is narrowed as well, then it could precipitate 
sleep-disordered breathing. 

Nasal patency, MS, neck circumference and body 
mass index were measured in 202 subjects who were 
to undergo a full-night polysomnography for suspi¬ 
cion of SRDB. The patients were asked to open the 
mouth wide with voluntary protrusion of the tongue 
without phonation and were graded from 1 to 4, and 
were subjected to simple nasal examination (patients 
were asked to gently block one nostril and to inspire 
through the nonoccluded nostril, then nasal obstruc¬ 
tion was reported if the examiner heard a noise sug¬ 
gesting nasal obstruction). A significant correlation 
was found between the MS and the AHI measured 
during sleep; however, the relationship between these 
parameters was only significant in patients with na¬ 
sal obstruction [38]. Thus, the presence of a high MS 
with concomitant nasal obstruction is associated with 
an increased risk of OSAS. 

Secondly, patients with SRBD, both snorers and 
OSAS patients, switch more frequently from nasal to 
mouth breathing during sleep if nasal obstruction is 
present. This may lead to an increase in respiratory 
effort and may result in alveolar hypoventilation [47, 
48], 
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In the study by Ohki et al. [48], cotton pledgets of 
several sizes were inserted into the nasal vestibules 
in order to decrease progressively the nasal paten¬ 
cy. Nasal respiratory resistance and nasal fraction 
were measured repeatedly until the subjects had to 
breathe through the mouth completely. Although 
the value of the nasal respiratory resistance in pa¬ 
tients with complaints of snoring or sleep apnea was 
higher than that of normal subjects, most of the pa¬ 
tients did not complain of a sensation of nasal ob¬ 
struction. However, the switching point from nasal 
to mouth breathing in patients with complaints of 
snoring or sleep apnea was statistically higher than 
that in normal subjects. 


Tips and Pearls 

These results suggest that patients with com¬ 
plaints of snoring or sleep apnea can easily 
breathe through the mouth during sleep, and 
also that chronic nasal obstruction may induce 
obstructive sleep apnea [48], 


Thirdly, cohort studies have demonstrated that pa¬ 
tients with nighttime symptoms of rhinitis or with 
nasal congestion, and especially with nocturnal na¬ 
sal obstruction, are at higher risk of developing SRBD 
and of snoring [42, 76], 

Finally, total nasal resistance in a nonobese sub¬ 
group of patients measured in the supine position 
correlated with some sleep parameters. In this sub¬ 
group, Virkkula et al. [72] demonstrated a positive re¬ 
lationship between total nasal resistance and the AHI 
(r=0.50, p<0.05) and oxygen desaturation (r=0.58, 
p<0.05) among 41 snoring men on a waiting list for 
correction of nasal obstruction who underwent poly¬ 
somnography, anterior rhinomanometry and acous¬ 
tic rhinometry. 


Tips and Pearls 

All together, these studies suggest a weak rela¬ 
tion between nasal resistance and SRBD for the 
vast majority of patients. 


Nasal obstruction from any cause does augment air¬ 
way collapse. It is also important to point out that this 
relationship may be more pronounced in a subgroup 
of patients if nasal resistance is measured in the su¬ 
pine position. Moreover, nasal obstruction appears to 
increase the risk of developing SRBD. 

The relationship between nasal obstruction sec¬ 
ondary to sinonasal disease and SRBD has also been 
evaluated. It has long been assumed that allergic rhi¬ 
nitis leads to daytime sleepiness and a deterioration 
of nocturnal sleep; some systematic studies have been 
conducted in this field. Allergic rhinitis (seasonal and 
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perennial) causes daytime and nighttime nasal ob¬ 
struction and is a naturally occurring model of re¬ 
versible nasal obstruction. Polysomnographic stud¬ 
ies during increased allergen exposure have shown 
an increase in the AHI, in excessive daytime sleep¬ 
iness, in snoring and in microarousal per hours of 
sleep, though this increase in the AHI was not clin¬ 
ically relevant [36, 43, 44, 65, 76]. In patients with al¬ 
lergic rhinitis, obstructive sleep apneas are longer and 
more frequent during a period of symptomatic nasal 
obstruction than when symptoms are absent. 

In the study by Lavie et al. [36], patients suffer¬ 
ing from allergic rhinitis had an average of 50 “mi- 
croarousals” from sleep - 10 times more than normal 
controls. 

In the work of McColley et al. [43] in 1997, the fre¬ 
quency of OSAS was increased in subjects with pos¬ 
itive radioallergosorbent test (RAST) results com¬ 
pared with those with negative RAST results (57 vs. 

40%; % 2 =9.11;p< 0.01) in a population of pediatric pa¬ 
tients with habitual snoring. However, in the study by 
Stuck et al. [65], daytime sleepiness seems to be relat¬ 
ed to the allergic condition itself rather than to an im¬ 
pairment of nocturnal sleep. Seasonal allergic rhinitis 
leads to increased daytime sleepiness, as well as to an 
impairment of quality of life, depending on the sever¬ 
ity of the disease. 

In patients with allergic rhinitis treated with a na¬ 
sal steroid, sleep disturbances and daytime fatigue 
tended to improve [10]. 

The exact role of allergic rhinitis, however, in 
poor sleep quality may also be secondary to medica¬ 
tion such as antihistamines which are frequently pre¬ 
scribed for this disease and are known to induce som¬ 
nolence in some subjects [16]. 

The poor quality of sleep among patients with al¬ 
lergic rhinitis may be due to mechanisms other than 
nasal obstruction [16], The mediators of allergic rhini¬ 
tis, including histamine, leukotrienes, cytokines and 
prostaglandins, may play a role in sleep regulation 
and, thus, may be directly involved in this impair¬ 
ment independent of nasal obstruction. Inflammato¬ 
ry mediators secondary to allergic inflammation have 
a diurnal variation and peak during the early morn¬ 
ing. This peak could explain the symptoms of allergic 
rhinitis on waking. This may result from a nighttime 
decrease in glucocorticoid receptor binding affinity. 

It is also important to point out that sympathetic tone 
decreases at night, producing a relative parasympa¬ 
thetic excess. 


Tips and Pearls 

Sleep quality may therefore decrease in patients 
with allergic rhinitis through different mech¬ 
anisms: nasal obstruction, postural changes, 
clinical variations of inflammatory mediators 
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or adverse effects of antihistamine therapy 
especially when using the first generation of 
“sedating” anti-Hl. 


Anatomical obstruction owing to severe septal devia¬ 
tion or hypertrophy of the inferior turbinate may also 
predispose to SRBD [37, 64], This is also true for pa¬ 
tients with nasal polyposis [71]. 

Silvioniemi et al. [64] advocate that while rhino- 
manometry can only measure the amount of nasal resis¬ 
tance, acoustic rhinometry can clearly determine the ex¬ 
act size and location of the different stenoses in the nasal 
cavity that contribute to the increased nasal resistance. 


Treatments for Nasal Obstruction 
and Their Impacts on SRBD 


If nasal obstruction and increased nasal resistance 
may promote SRBD, it seems to be logical to study the 
effects of a reduced resistance on sleep parameters. 
This has been done in multiple ways, including medi¬ 
cations, nasal dilators and surgical procedures. 


Medications 

Allergic rhinitis is classically characterized by sneez¬ 
ing, nasal itching, rhinorrhea and nasal obstruction. 
These symptoms can impair nocturnal sleep, result¬ 
ing in daytime fatigue and somnolence, both of them 
decreasing learning capacity, work efficiency and pa¬ 
tient quality of life. In addition, the mediators of aller¬ 
gic, possibly impair the quality of sleep. 

Some medications that reduce nasal congestion 
have adverse effects on sleep, a-agonist decongestants 
effectively reduce nasal congestion but frequently 
produce stimulatory effects, palpitations and in some 
cases insomnia. Antihistamines reduce sneezing and 
pruritus, but are less effective in relieving congestion, 
at least during the first 3 weeks of treatment. Intrana¬ 
sal corticosteroids and oral leukotriene receptor an¬ 
tagonists effectively reduce rhinorrhea, congestion 
and inflammatory mediators. 

Medical relief of nasal obstruction and its impact 
on SRDB has been studied in patients with allergic 
rhinitis and the effects analyzed with questionnaires 
or polysomnographic data. 


Tips and Pearls 

Subjective sleep quality improves in patients 
with allergic rhinitis after treatment with in¬ 
tranasal steroids (Table 30.1). 


This has been confirmed by two placebo-controlled 
studies performed with fluticasone propionate and 
budesonide in patients with perennial allergic rhini¬ 
tis [10, 20, 27]. Often, people with perennial allergies 
may attribute their daytime fatigue to causes such as 
the side effects of medications, when in fact the fa¬ 
tigue may be a result of nasal congestion and asso¬ 
ciated sleep fragmentation. Decreasing nasal conges¬ 
tion due to allergic rhinitis with intranasal steroids 
may improve sleep, daytime fatigue and the quality of 
life of patients. Medications directed toward reversal 
of nasal congestion work also through suppression of 
inflammatory mediators and constitute a major ther¬ 
apy for SRBD associated with allergic rhinitis. 

In seasonal allergic rhinitis, the nighttime score 
for fluticasone propionate was better than for the an- 
tileukotriene montelukast in a large cohort of patients 
consisting of 705 eligible men and women (15 years of 
age or older) in a randomized, double-blind, double¬ 
dummy, parallel-group study by Ratner et al. [57]. 

Finally, two recent studies have tried to demon¬ 
strate the objective modification of sleep parameters 
in patients with allergic rhinitis or in snorers with 
rhinitis. Both studies were performed with the topical 
application of fluticasone propionate. Craig et al. [9] 
found no difference in the polysomnographic data but 
an improvement in subjective sleep parameters when 
treating patients with perennial allergy with flutica¬ 
sone propionate in an 8-week, double-blind, place- 
bo-controlled study among 32 subjects. Fluticasone 
(50 mg per spray), two sprays each side every day, im¬ 
proved subjective sleep when compared with the pla¬ 
cebo (p = 0.04); however, there was no difference in 
the AHI in those that were treated. Daytime sleepi¬ 
ness and fatigue were decreased by more than 10% in 
the treated group. 

On the other hand, Kiely et al. [31] have demon¬ 
strated a more pronounced though slight decrease in 
the AHI in snorers with rhinitis treated with flutica¬ 
sone propionate compared with those given a place¬ 
bo. 

In summary, nasal obstruction secondary to aller¬ 
gic inflammation has an impact on sleep quality and 
topical corticoid therapy seems to have a positive ef¬ 
fect on subjective sleep quality and also on polysom¬ 
nographic data in one study [9,10, 20, 27, 31, 57], 


Nasal Dilators 

The ability to breath through the nose can be in¬ 
creased above normal by dilating the narrow nasal 
valve area. Nasal dilators are an attractive method of 
decreasing nasal resistance in the valve area and sub¬ 
sequently have a positive impact on snoring and/or 
apnea [52], 
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Table 30.1. Effect of medical therapy on sleep-related breathing disorders. (Courtesy of [54] with permission) 


Authors 

Medication 

Number 
of patients 

Nasal disease 

Sleep parameters 

Graig, 1998 

Fluticasone 

20 

Perennial 
allergic rhinitis 

No PSG 

Subjective sleep quality improvement 

Hughues, 2003 

Budesonide 

22 

Perennial 
allergic rhinitis 

No PSG 

Subjective sleep quality improvement and 
daytime fatigue 

Ratner, 2003 

Fluticasone vs 

montelukast 

705 

Seasonal allergic 
rhinitis 

No PSG 

Night-time symptoms score decrease 

FP>M 

Graig, 2003 

Fluticasone 

32 

Perennial 
allergic rhinitis 

No difference with objective data but well 
with subjective ones 

Kiely, 2004 

Fluticasone 

24 

Snorers with 

rhinitis 

Slight decrease of AHI and related to NR 


PSG polysomnographic data FP fluticasone propionate, M montelukast, AHI apnea-hypopnea index, NR nasal resistance 


Measurements of nasal resistance in awake sub¬ 
jects with the devices have shown a reduction in re¬ 
sistance, though not uniform, depending on the com¬ 
pliance of the nasal vestibule walls [51]. 

The dimension of the nasal valve is increased by ap - 
proximately 30%. There are actually two devices com¬ 
mercially available as nasal dilators: Nozovent*, an in¬ 
ternal device, and Breathe Right*, an external device. 
These devices have been studied in patients with poly¬ 
somnographic measurements in nine studies (Table 
30.2) [2,14,19, 24, 26, 39, 53, 61, 68], 

The conclusions from these studies are that nasal 
dilators may reduce the subjective sensation of snor¬ 
ing, but the objective measurements of snoring as well 
as sleep parameters such the AHI reveal that nasal di¬ 
lators are ineffective for the vast majority of SRBD pa¬ 
tients. Only two studies have shown a positive effect 
on the AHI, but in less than 30% of the patients [26, 
58], The nasal dilators may be more effective in pa¬ 
tients with SRDB with concomitant chronic rhinitis 
[53], Djupesland et al. [14] found that Breathe Right* 
was an effective treatment of snoring in a subgroup 
of patients by morning nasal obstruction and when 
acoustic rhinometry revealed a minimal cross-sec¬ 
tional area of less than 0.6 cm 2 . On the basis of this 
information, nasal dilators are ineffective for the vast 
majority of apneic patients but may be recommend¬ 
ed as a trial for nonapneic snorers. Nasal dilators have 
no side effects and are relatively inexpensive. Patients 
with nasal valve stenosis and/or chronic rhinitis are 
the best candidates. 


Nasal and Sinus Surgery 


Nasal and sinus surgery are often performed to re¬ 
duce nasal obstruction and their effects on SRBD may 
also be expected. Various surgical procedures are de¬ 
scribed to increase nasal patency: septo(rhino)plasty, 
turbinoplasty, radiofrequency tissue volume reduc¬ 
tion of the inferior turbinates, functional endoscopic 
endonasal surgery or correction of the nasal valve. 

The primary goal of these procedures is related 
to the nasal obstruction itself, to the improvement 
of SRBD, or both. Improvement of compliance with 
nasal continuous positive airway pressure (nCPAP) 
therapy by reducing nasal obstruction may also be an 
objective. In these procedures little attention has been 
paid to the nasal anterior valve, which may play a cru¬ 
cial role in nasal obstruction and which is dedicat¬ 
ed to modifying the air stream penetrating the nose 
(Figs. 30.3, 30.4). Subjective improvement in sleep 
quality and reduction of snoring have been described 
in a study without polysomnographic data by correc¬ 
tion of the nasal valve using a functional and aesthet¬ 
ic septorhinoplasty through an open approach with 
lateral graft cartilage insertion (modified spreader 
grafts) in order to enlarge the angle of the isthmus 
nasi (Fig. 30.5) [4], From this study by Bertrand et al. 
[4], it was demonstrated that the patients recorded a 
significant increase in nasal patency on a visual ana¬ 
log scale before and 1 year after surgery, but that there 
is no clear-cut evidence of improvement in nasal re¬ 
sistances measured by anterior active rhinomanom- 
etry and posterior active rhinomanometry. The au¬ 
thors suggested that the decrease in snoring may be 
induced by changes in the direction of the nasal air- 
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Table 30.2. Effect of nasal dilators on sleep-related breathing disorders. (Courtesy of [54] with permission) 



MCA mean cross-sectional area 

Table 30.3. Effect of nasal and sinus surgery on sleep-related breathing disorders. (Courtesy of [54] with permission) 



OSAS obstructive sleep apnea syndrome, AI apnea index, NS not significant 


flow against the nasal mucosa which may produce by 
a reflex between mechanoreceptors of the nasal mu¬ 
cosa and muscles of the pharynx an increased tonus 
of the muscles of the pharynx. 

This was also confirmed in a study examining the 
effects of nasal surgery on snoring where 48 of 96 pa¬ 


tients reported complete relief of snoring after con¬ 
ventional nasal surgery and/or polypectomy [15]. 

There are objective data from preoperative and 
postoperative polysomnographic studies regarding 
the effects of nasal surgery on SRBD in 12 studies (Ta¬ 
ble 30.3) [1, 6,11,18, 22, 32, 37, 59,62, 63, 69, 70] 
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Fig. 30.3. The figure shows a closed isthmus nasi that cannot 
be surgically treated by common septoplasty. A surgical cor¬ 
rection of the anterior edge of the quadrangular cartilage by 
an open-approach septorhinoplasty is required 



Fig. 30.4. Plane sections in A, B and C of the nasal pyramid 
showing the variable value of the angle ( double-headed arrows) 
between the septolateral cartilage and the quadrangular carti¬ 
lage. In section C the normal value of the angle in the valve area 
(isthmus nasi) is about 15°. Dark red skin of the nasal pyramid, 
light yellow septolateral cartilage (upper lateral cartilage), dark 
yellow alar cartilage (lower lateral cartilage), red hatching head 
of the inferior turbinate, black nasal floor. (Courtesy of and 
modified from [54] with permission) 


Although some of these studies have demonstrated 
a slight decrease in the AHI for some patients, the suc¬ 
cess rate (as defined by an AHI reduction by at least 
50% and an AHI value below 20) is very low. Verse et 
al. [70] reported a success rate of 15.8% (3 of 19 apneic 
patients) using these criteria. Friedman et al. [18] have 
also suggested that postoperative polysomnographic 
data may be worse for mild OSAS patients after nasal 
obstruction relief. They explain this paradoxical ef¬ 
fect of nasal surgery by the fact that nasal obstruction 



Fig. 30.5. Lateral graft cartilages (modified spreader grafts) 
surgical technique through an open approach septorhino¬ 
plasty. A Small rectangular pieces of cartilage are harvested 
usually from the septal cartilage and shaped to the required 
form to be set in place in the isthmus nasi area. B The grafts 
(hatched blocks) are to be sutured longitudinally to the ante¬ 
rior edge of the nasal septum, in order to widen the angle of the 
isthmus nasi (double-headed arrow), a upper lateral cartilage 
(septolateral cartilage), b septal cartilage, dotted line nasal mu¬ 
cosa. C The two grafts are sutured along the anterior edge of 
the septum (arrows) on the left and right sides, after dissection 
of the mucosa and section of the junctions between the upper 
lateral and septal cartilages. (Courtesy of and modified from 
[54] with permission) 


relief may allow the patients to sleep in deeper stag¬ 
es of sleep. Therefore, apnea and sleep fragmentation 
are increased because patients sleep more comfort¬ 
ably. Friedman et al. have also demonstrated that nC- 
PAP requirements are decreased after nasal surgery. 
The mean nCPAP titration level was 9.3 cm H2O be¬ 
fore surgery vs. 6.7 cm H 2 0 after surgery [18]. 

Nasal surgery, as with nasal dilators, may improve 
subjective snoring or daytime fatigue but cure of sleep 
apnea occurs only in approximately 15-20% of cases. 

Tips and Pearls 

Results of nasal surgery in patients with sleep ap- 
nea/hypopnea are therefore barely predictable. 


Nasal Disease and Surgery 
in nCPAP Patients 


Patients with moderate to severe OSAS are candi¬ 
dates for nCPAP, which means long-term nightly use 
of relatively cumbersome and expensive breathing 
equipment that provides CPAP via a nasal or facial 
mask [23]. This treatment remains the most effective 
for reducing snoring and morbidity related to apne- 
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ic episodes [25]; however, it may have adverse effects, 
of which nasal problems are the most frequently en¬ 
countered [12], According to Hoffstein et al. [25] in a 
study (n = 138) using detailed questionnaires mailed 
or phoned to patients with obstructive sleep apnea, 
the most common complaint, voiced by 46% of the 
patients, was nocturnal awakenings. Nasal problems, 
such as dryness, congestion and sneezing, were the 
second most frequent complaint, present in 44% of 
the responders. 


Tips and Pearls 

It has been demonstrated that nCPAP therapy 
induces nasal mucosal inflammation and pro¬ 
motes nasal hyperreactivity [60], 


More than half of patients using nCPAP therapy pres¬ 
ent with significant nasal complaints [25], Rhinorrhea 
induced by nCPAP may be treated with anticholin¬ 
ergic medication (ipratropium bromide), which con¬ 
sistently reduces watery rhinorrhea. Nasal congestion 
may appear after some days of nCPAP use and may be 
treated by topical nasal steroids or nasal vasoconstric¬ 
tors for a few days. Saline nasal spray and heated hu¬ 
midification are commonly used to prevent problems 
related to nCPAP. Massie et al. [41] concluded that 
compliance with CPAP is enhanced when heated hu¬ 
midification is employed, owing to a reduction in side 
effects associated with upper-airway symptoms and 
a more refreshed feeling upon awakening and that 
compliance gains may be realized sooner if patients 
are started with heated humidity at CPAP initiation.. 
Corrective nasal surgery or turbinate volume reduc¬ 
tion may help patients to tolerate nCPAP therapy [55]. 
When a dysfunction or weakness of the nasal valve 
is present, patients using nCPAP may experience alar 
collapse during inflation owing to the high pressure 
of nCPAP; this condition can be treated by surgery of 
the valve [4] or even by a Z-plasty of the nostrils. 


Nose and Sinus Surgery and Immediate 
Postoperative Management of Patients 
with OSAS 


Currently, there is no widely accepted consensus on 
the management of patients with OSAS undergoing 
nasal surgery [54], In general, such patients should 
undergo a preoperative polysomnographic study 
and OSAS should be treated in the preoperative pe¬ 
riod with nCPAP therapy. General anesthesia during 
surgery should be kept to a minimum length of time 
and appropriate sedatives, anesthetics and analgesics 
should be given [23] (Table 30.4). Patients with OSAS 
need to be closely monitored in the postoperative pe¬ 


riod. Although preferable, the authors do not consid¬ 
er a stay in intensive care mandatory. Minimum re¬ 
quirements, however, include nocturnal oxymetry 
with appropriate treatment in the event of oxygen de¬ 
saturation. A crucial question when performing nasal 
surgery in patients with OSAS is the use of postoper¬ 
ative nasal packing. Nasal packing is a standard pro¬ 
cedure after nasal surgery and is supposed to decrease 
postoperative bleeding and the risk of synechiae. Na¬ 
sal packing, however, has many adverse effects, such 
as pain, discomfort, infection and obligatory mouth 
breathing. 


Tips and Pearls 

— The complete obstruction of the nostril with 
packing after surgery in patients with OSAS 
may be associated with sleep interference as 
the so-called nasopulmonary reflex is abol¬ 
ished and blood gas tension may reveal a rela¬ 
tive hypoxemia [5, 29, 30, 58] 


In a study by Buckley et al. [5] continuous digital pulse 
oximetry was carried out before and after submucous 
resection of the nasal septum in 17 otherwise healthy 
patients. Postoperative nasal packing produced a sta¬ 
tistically significant change in oxygen saturation dur¬ 
ing sleep. The change was of small magnitude and is 
unlikely to be clinically significant. In the study by 
Kalogiera et al. [30] in a group of 17 patients during 
a 5-day period of anterior nasal packing after endo¬ 
nasal surgery, significant hypocapnia was observed in 
the early postoperative period, which was followed by 
significant hypoxemia within the first 2-day period 
after surgery, and also shortly after removal of the na¬ 
sal pack. Rombaux et al. [58] recorded nocturnal oxy¬ 
metry in ten otherwise healthy patients undergoing 
different types of nasal surgery with total nasal pack¬ 
ing. Postoperative nocturnal oxymetry was worse 
than preoperative in one of six patients and judged as 
abnormal in four. 

Other options, therefore, might be proposed in the 
postoperative period, such as septal suturing without 
nasal packing or the insertion of a nasal pack with an 
airway tube inside [33, 73]. 

Application of nCPAP therapy may sometimes be 
difficult and oronasal masks are in some cases essen¬ 
tial. An oronasal mask allows the application of the 
positive pressure through the mouth as long as the 
nose is blocked. There is no absolute consensus on the 
length of duration of the nasal packing nor on the du¬ 
ration of hospitalization, but care should be taken to 
ensure that after removal of the packing patients will 
tolerate nCPAP well before being discharged (Table 
30.5). After nasal surgery, the apneic patient needs 
to undergo a second polysomnographic study to as¬ 
sess the benefit of the surgical procedure. This sec- 
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Table 30.4. Management of nasal surgery in the OSAS pa¬ 
tient. (Courtesy of [54] with permission) 


i 

OSAS patients 
Polysomnography 
Treatment with nCPAP 

i 

Acceptance 

Tolerance 

Compliance 

i 


Yes 

No 


l 

4 


Follow-up 

Nasal problem 


i 

i 


Yes 

No 


1 

i 


Rhinologic 

Surgery 


medical 

Mandibular 


treatment 

advancement 


Mask adaptation 

1 



Positive effect 

Enhanced 

No improvement 


compliance 

i 

Surgery planned 


tiCPAP nasal continuous positive airway pressure 


ond polysomnography should be done some days af¬ 
ter nCPAP therapy has been stopped. An easy but not 
totally accepted method is to carry out the assessment 
in a single night using the first part of the night for the 
SRBD diagnosis and the second part of the night to ti¬ 
trate the nCPAP level if the patient fulfils the criteria 
for this treatment [54], 


Table 30.5. Management of nasal surgery in the OSAS pa¬ 
tient. (Courtesy of [54] with permission) 

Nasal surgery planned in OSAS patients 

i 

Preoperative use of nCPAP 

i 

Nasal surgery 

i 

If nasal packing 

i 

Oronasal mask 

I 

Nasal packing removal 

i 

nCPAP during one night with tolerance demonstrated at 
hospital 

i 

nCPAP at home 

i 

Second polysomnography after 5-8 days of nCPAP 
cessation 

I I 

OSAS cured (<20%) OSAS not cured 

I 


I 

No nasal packing or 
Airway Tubes 

I 

nCPAP 


Conclusion 


- W 

Nasal obstruction may trigger sleep disorders 
in normal subjects and make worse SRBD in pa¬ 
tients with apnea, hypopnea, upper-airway resis¬ 
tance and/or primary snoring. Nasal examination 
by anterior rhinoscopy at least, but also through 
a fiberoscopy of the full nose, and measurement 


-▼ 

of nasal resistance-by anterior and posterior ac¬ 
tive rhinomanometry-are mandatory in the man¬ 
agement of patients with SRBD. In our opin¬ 
ion, special attention has to be paid to the valve 
area of the nose. Cross sections of the valve area, 
which is the place where the ingoing inspiratory 
air stream gains its highest velocity, can be mea¬ 
sured by acoustic rhinometry with more accura- 
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cy; unfortunately this examination is not done 
routinely yet. 

Treatments are mainly based on topical steroid 
medications, nasal dilators and/or surgery. Glob¬ 
ally, results are unpredictable in most patients. 
Subjective analysis with questionnaires on snor¬ 
ing or daytime fatigue or excessive daytime 
sleepiness has revealed that the treatment of na¬ 
sal disorders in SRBD patients is beneficial. Ob¬ 
jective data, however, with pretherapy and post¬ 
therapy polysomnographic studies are far less 
encouraging. The success rate of common na¬ 
sal surgery, for instance, appears to be less than 
20%, although normalization of nasal resistance 
is achieved in most cases. It should also be not¬ 
ed that nasal surgery may even worsen SRBD. In 
this instance, a good description of the anatomi¬ 
cal improvement after nose surgery for septal de¬ 
viation surgery is lacking in the literature. Finally, 
rhinologic procedures may be a consideration for 
patients with poor compliance with nCPAP ther¬ 
apy. The nasal airway segment may also be con¬ 
sidered when a multilevel strategy is proposed to 
the patient with SRDB. 
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Core Messages 


■ Radiofrequency palatoplasty should be re¬ 
served for selected patients with a significant 
palatal component to primary snoring, up¬ 
per airway resistance syndrome, or mild ob¬ 
structive sleep apnea. 

■ In this procedure, radiofrequency energy is 
used to create thermal injury to the soft-pal¬ 
ate musculature with possible removal of tis¬ 
sue. The healing process produces fibrosis to 
stiffen and shrink the soft palate. The most 
common methods of energy delivery in ra¬ 
diofrequency palatoplasty are temperature- 
controlled monopolar, bipolar, and plasma- 
mediated ablation. 

■ Treatment must be tailored to patient anato¬ 
my to minimize complications. With experi¬ 
ence and careful attention to technique, the 
incidence of complications of moderate and 
major severity is low. 
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Introduction 


Sleep-disordered breathing includes the spectrum of 
primary snoring, upper airway resistance syndrome, 
and obstructive sleep apnea (mild to moderate to se¬ 
vere). Diagnosis of these entities is based on the com¬ 
bination of history, physical examination, and formal 
evaluation with a sleep study. 

Effective treatment of sleep-disordered breath¬ 
ing requires an accurate determination of the upper¬ 
airway structures that contribute to the disorder. For 
purposes of treatment, the upper airway can be arti¬ 
ficially divided into three segments: nasal, palatal (in¬ 
cluding the palate and tonsils), and hypopharyngeal 
or retrolingual (actually corresponding to the portion 
of the oropharynx and hypopharynx posterior to the 
tongue base and epiglottis). In many cases, the palate 
plays a major role either in (1) the sound production of 
snoring seen in all forms of sleep-disordered breath¬ 
ing or (2) the airway narrowing and/or obstruction. 
Often there is an important difference between the 
structures involved in snoring sound production and 
the site(s) of airway obstruction; a key in evaluation 
and achieving successful outcomes is based on an un¬ 
derstanding of these concepts and accurate diagnosis. 
Specifically, the palate may be the primary factor in 
the patient’s condition, or it may represent only one of 
many structures involved. 

A wide range of procedures is available to treat the 
spectrum of sleep-disordered breathing. A selected 
list of palate procedures includes the more-invasive 
(uvulopalatopharyngoplasty, uvulopalatal flap, lateral 
pharyngoplasty, transpalatal advancement pharyngo- 
plasty, and Z-palatoplasty) and the less-invasive (ra¬ 
diofrequency palatoplasty, palatal implants, laser-as¬ 
sisted palatoplasty, injection snoreplasty, and the cau¬ 
tery-assisted palate stiffening operation) options. The 
more-invasive procedures incorporate a combination 
of directed tissue removal and repositioning to pro¬ 
duce a greater change in upper-airway anatomy, while 
less-invasive procedures produce smaller changes in 
upper-airway structure and mechanics. 

Among the palate procedures, radiofrequency pal¬ 
atoplasty is a less-invasive procedure with demon- 
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strated success in treating patients with a significant 
palatal component to primary snoring, upper airway 
resistance syndrome, or mild obstructive sleep ap¬ 
nea. The procedure requires delivery of radiofrequen¬ 
cy energy to create thermal injury to the soft-palate 
musculature. Three methods of radiofrequency ener¬ 
gy delivery can be used to treat the soft palate: monop¬ 
olar, temperature-controlled monopolar, and bipolar. 
These techniques - and the larger number of available 
technologies - vary in their methods of energy deliv¬ 
ery and the information that is provided back to the 
surgeon; no studies have directly compared technolo¬ 
gies or delivery methods side by side. 

The advantages of radiofrequency palatoplasty are: 


Low morbidity 

Treatment can be titrated to reach the desired 
results 

No hospital stay required 
Lower total cost 


Indications and Patient Selection 


The success of radiofrequency palatoplasty depends 
on appropriate patient selection and an understand¬ 
ing of upper-airway anatomy. As described in the pre¬ 
ceding section, the palate may be a source of sound 
production in snoring and/or a site of airway narrow¬ 
ing or obstruction; the evaluation techniques to per¬ 
form this assessment are described elsewhere, but a 
thorough medical history, physical examination, and 
sleep study are critical to upper-airway assessment 
and formulation of an appropriate treatment plan. 

There is a common misconception that all patients 
with primary snoring (without evidence of more-se¬ 
vere sleep-disordered breathing) are best treated with 
palate procedures alone. This is not an accurate state¬ 
ment. There are two aspects involved in treatment 
decisions: the severity of sleep-disordered breathing 
(determined by patient evaluation, including a sleep 
study) and the locations of snoring sound production 
and/or airway compromise (based on history and 
physical examination but not specifically indicated by 
the sleep study). Only those patients with a significant 
palatal component to their sleep-disordered breath¬ 
ing should be treated with palate procedures - either 
alone or with treatment of the palate as part of a mul¬ 
tilevel upper-airway treatment plan. Once the deci¬ 
sion has been made to treat the palate, radiofrequency 
palatoplasty has demonstrated effectiveness in treat¬ 
ing selected patients with primary snoring, upper air¬ 
way resistance syndrome, and mild obstructive sleep 
apnea. Patients with more-severe sleep-disordered 


breathing should not undergo radiofrequency palato¬ 
plasty, except in rare circumstances. 

In choosing among the palate procedures, no 
studies have specifically identified factors that are 
associated with better outcomes after radiofrequen¬ 
cy palatoplasty in side-by-side comparisons against 
alternatives. However, radiofrequency palatoplas¬ 
ty has the unique advantages of producing shrink¬ 
age (in addition to stiffening) of the soft-palate mus¬ 
culature and also avoids placement of implants into 
the soft palate. In this author’s experience, there may 
be three categories of patients who may benefit from 
this procedure compared with certain alternatives. 
For patients with slightly thickened soft-palate tis¬ 
sues, radiofrequency palatoplasty provides some re¬ 
duction in tissue bulk and may be particularly ben¬ 
eficial. Conversely, patients with a thin soft-palate 
musculature who may be considered for palatal im¬ 
plants may avoid the risk of a foreign-body sensation 
after implant placement (which may be higher in 
these patients) by undergoing radiofrequency pala¬ 
toplasty. Finally, patients with significant webbing of 
the posterior tonsillar pillars may benefit specifical¬ 
ly from lateral lesions (see discussion of technique in 
the following section) and a tailored treatment plan 
because directed treatment of this lateral muscle tis¬ 
sue may produce superior displacement of the poste¬ 
rior tonsillar pillars and a reduction in this webbing 
(which may or may not directly improve sleep-disor¬ 
dered breathing). However, these hypotheses or oth¬ 
er factors have not been addressed systematically in 
any studies. 


Tips and Pearls 

The indications are: 

Palatal component to primary snoring, upper 
airway resistance syndrome, or mild obstruc¬ 
tive sleep apnea 

(Possible) specific soft-palate anatomical fea¬ 
tures, such as a slightly thickened or thin 
palate as well as significant posterior tonsillar 
pillar webbing 

The contraindications are: 

Moderate to severe obstructive sleep apnea 
No significant palatal component to sleep-dis¬ 
ordered breathing 

Obtaining effective treatment of sleep-disor¬ 
dered breathing with other treatment modali¬ 
ties 

Significant medical comorbidities, including 
coagulopathies (all anticoagulants should ide 
ally be discontinued for at least 21 days prior 
to the procedure and 7 days following the 
procedure) 
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Radiofrequency of the Palate 


Surgical Technique 


A key component of patient evaluation is the assess¬ 
ment of the thickness and composition of the soft pal¬ 
ate. While it is often impossible to determine the pre¬ 
cise thickness of the soft-palate musculature, this is 
a critical component of the preoperative evaluation. 
Radiographic imaging such as the lateral cephalo- 
gram can provide a sense of overall palate thickness 
in the midline, although this image does not deter¬ 
mine the thickness of the muscle itself nor does it pro¬ 
vide a sense of the variation in muscle thickness over 
the surface of the soft palate. Because the soft-palate 
musculature is thicker in the midline owing to the 
presence of the musculus uvulae, there is no substi¬ 
tute for a careful physical examination. 

Preoperative preparation may include two inter¬ 
ventions designed to decrease the risk of infection. 
Oral antibiotics active against oral and pharynge¬ 
al flora can be taken approximately 30 min prior to 
treatment and continued for 3 days; this may decrease 
edema and the small risk of infection. An oral anti¬ 
microbial rinse may also decrease the oral bacterial 
flora. 

Anesthesia can be achieved with a combination 
of a topical anesthesia applied to the oral surface of 
the soft palate in the areas of planned local anesthe¬ 
sia injection. Local anesthetic with a vasoconstrictive 
agent, approximately 2-4 ml, is then infiltrated into 
the muscle tissue. Patients who receive insufficient 
anesthesia may experience localized pain or pain re¬ 
ferred to other areas (such as the ears or occiput) dur¬ 
ing treatment 

An important advantage of submucosal radiofre¬ 
quency palatoplasty is the ability to deliver energy 
to the muscle in order to create tissue injury without 
causing damage to the mucosa (Fig. 31.1). 


Tips and Pearls 

The goal, therefore, in designing a radiofre¬ 
quency energy treatment plan is to deliver suf¬ 
ficient energy (and possible tissue removal) to 
produce the necessary fibrosis of the muscula¬ 
ture without damaging the overlying oral or 
nasal surface mucosa 


There is no clear formula for achieving this balance; 
with the steep learning curve associated with the use 
of radiofrequency, it is often better to decrease the 
amount of energy delivered per lesion until a surgeon 
is better able to tailor the treatment to the patient’s 
underlying anatomy without complications. 

Radiofrequency energy is typically delivered to the 
soft-palate musculature midway between the posteri¬ 
or nasal spine and the free edge of the soft palate in 



Fig. 31.1. Placement of the radiofrequency probe into soft- 
palate musculature midway between the posterior nasal spine 
and the free edge of the soft palate 


midline, paramedian, or lateral locations. The mid¬ 
line and paramedian locations are within the thick¬ 
er portion of the soft-palate musculature owing to the 
presence of the musculus uvulae; they can therefore 
tolerate larger amounts of energy than the lateral lo¬ 
cations that include the levator veli palatini and ten¬ 
sor veli palatini muscles. Typically, from one to three 
lesions are created during each treatment session, and 
these can be combined as two paramedian lesions 
(Fig. 31.2) or a midline and two lateral lesions (Fig. 
31.3). However, different lesion patterns, including a 
higher number of lesions per session, have been used 
with success; the placement and the number of lesions 
should be based on patient anatomy and experience. 

Different radiofrequency energy delivery meth¬ 
ods and technologies have corresponding differences 
in equipment settings and information available for 
the physician to control and monitor. The three most 
commonly used technologies are temperature-con¬ 
trolled radiofrequency (Somnus Medical Technolo¬ 
gies, Gyrus ENT, Bartlett, TN, USA), bipolar (Celon, 
Olympus Corp., Tokyo, Japan) and plasma-mediated 
ablation, also known as Coblation® (ENTec, Arthro- 
care, Sunnyvale, CA, USA). This author has experi¬ 
ence with the first and last of these because they are 
available in the USA, and settings for these technolo¬ 
gies are provided as follows: 
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Fig. 31.2. Radiofrequency treatment pattern with two para¬ 
median lesions 


1. Temperature-controlled radiofrequency 

(a) Maximum temperature: 85 °C 

(b) Energy level for midline/paramedian lesions: 
500-700 J; for lateral lesions, 300-350 J 

2. Plasma-mediated ablation (Coblation 9 ) 

(a) Power setting: 6 

(b) Time: 10-15 s per lesion 



To minimize edema, patients should avoid hot (tem¬ 
perature) foods for 72 h and maintain their head ele¬ 
vated at least 30° during sleep. Routine perioperative 
corticosteroids are not necessary. Pain is well con¬ 
trolled with mild narcotics such as acetaminophen 
with codeine; this typically lasts 1-3 days unless there 
is injury to the mucosa. 

The tissue injury created during the procedure 
heals, with the development of fibrosis, to a large ex¬ 
tent over 6-8 weeks. Typically, more than one treat¬ 
ment session is necessary to achieve the desired treat¬ 
ment effect, and additional sessions can be performed 
every 6 weeks. The index for titration may be snoring 
or breathing patterns as observed by the bed partner, 
subjective complaints such as daytime somnolence, 
physical examination changes of the palate (which 
usually are minor), or, in certain cases, a repeat sleep 
study. 



Results 


Radiofrequency palatoplasty has produced decreas¬ 
es in snoring (measured subjectively) in 60-100% of 
patients - and in the majority of patients a substan¬ 
tial improvement - reported in several case series. [1- 
9,11,14-19] Studies which examined the effect of to¬ 
tal energy delivery showed that there was greater im¬ 
provement in snoring with a higher number of lesions 
and/or higher doses of radiofrequency energy deliv¬ 
ered. [6, 7,11,15] 

Many patients treated with radiofrequency have 
demonstrated improvements in daytime sleepiness, 
as measured by the Epworth sleepiness scale score [1, 
2, 4, 6, 8-10, 14], In those series that have objectively 
measured indices of sleep-disordered breathing, there 
has been an improvement in the maximum negative 
esophageal pressure (a measure of respiratory effort) 
[11] but no changes in other sleep study results [5, 6, 
8, 9,14], 


Fig. 31.3. Radiofrequency treatment pattern with one midline 
and two lateral lesions 
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Tips and Pearls 

The benefits of radiofrequency palatoplasty 
may be due to changes in the intrinsic prop 
erties of the soft palate rather than any gross 
morphologic changes. 


One series reported a decrease in the length of the 
soft palate and uvula (PNS-P distance) on a lateral 
cephalogram of 5.5 mm [14], but another reported no 
change [9], Another study which examined patients 
before and after treatment with magnetic resonance 
imaging showed an overall change in the length of 
the uvula but no change in soft-palate length [2]; this 
study also showed imaging characteristics consistent 
with fibrosis of the soft palate after treatment. 

One important factor to consider is the potential 
relapse of snoring after an initial successful result. 
The reported estimates of relapse within approxi¬ 
mately 12-18 months after treatment are 11% [19] and 
41% [13]. In the latter study, a single additional radio¬ 
frequency treatment restored the previous successful 
snoring result. 

Finally, patients who demonstrate a poor response 
to radiofrequency palatoplasty may have significant 
untreated airway narrowing or obstruction at the 
level of the nose or hypopharyngeal regions. Sever¬ 
al studies have specifically attempted to identify fac¬ 
tors that may predict response to radiofrequency pal¬ 
atoplasty, but these efforts have been largely unsuc¬ 
cessful. 



Complications can result from injury to the overly¬ 
ing soft-palate mucosa (ulceration if it involves either 
the oral or nasal aspect of the palate and a fistula if 
it involves both), infection (which may contribute to 
ulceration and/or fistula formation), soft-palate dys¬ 
function producing nasal regurgitation, or velopha¬ 
ryngeal insufficiency. 

These procedure-associated complications can be 
classified according to severity: 


Minor: mucosal ulceration or injury, sloughing 
of the uvula 

Moderate: hemorrhage, palatal fistula, sig¬ 
nificant dysphagia, or velopharyngeal insuf¬ 
ficiency 

Major: serious infection requiring drainage or 
other significant airway compromise 


A literature review describing radiofrequency com¬ 
plications of the upper airway showed that the in¬ 
cidence of complications of minor, moderate, and 
major severity was 8.1% (114 in 1,443 treatment ses¬ 
sions), 0.5% (seven in 1,443 treatment sessions), and 
0.1% (one in 1,443 treatment sessions), respective¬ 
ly [12]. 



- V 

Radiofrequency palatoplasty is a safe, effective 
procedure for patients with a significant palatal 
component to primary snoring, upper airway re¬ 
sistance syndrome, or mild obstructive sleep ap¬ 
nea. History, physical examination, and sleep 
study are critical to patient selection and the tai¬ 
loring of treatment to patient anatomy. Future 
research may identify factors which predict the 
therapeutic response to radiofrequency pala¬ 
toplasty or enable selection among the various 
less-invasive palate procedures. 
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Core Messages 


The uvulopalatal flap (UPF) is recommend¬ 
ed as a surgical option for oropharyngeal 
obstruction in patients with sleep-related 
breathing disorders. 

The procedure is a mucosal procedure; thus, 
swelling and swallowing problems are mod¬ 
erate and transient. 

The success of the UPF depends on carefully 
selected patients and it is performed as a one- 
stage surgery. 

Patients with sleep-related breathing disor¬ 
ders pose a significant anesthetic risk and are 
generally deemed as difficult intubations. Se¬ 
dating and narcotic medications pose a sig¬ 
nificant anesthetic risk. They increase the 
collapsibility of the pharynx and oral soft tis¬ 
sues, leading to additional airway obstruc¬ 
tion. The UPF appears to be a safe and effec¬ 
tive procedure that can be easily performed 
under local anesthesia on an outpatient ba¬ 
sis with low chance of significant complica¬ 
tions. 

There is reduction of pain and a decreased 
risk of wound contracture because sutures 
are not placed on the free edge of the palate. 

The UPF results are anatomically and clin¬ 
ically comparable to uvulopalatopharyngo- 
plasty results. 

The UPF procedure is reversible since the 
UPF can be released in the postoperative pe¬ 
riod if necessary. 


Introduction 


Obstructive sleep apnea (OSA) is now seen as one end 
of a spectrum of sleep-related breathing disorders. 
It is a common event, occurring to a significant de¬ 
gree (more than five events per hour of sleep) in 4- 
9% of the population [16]. Severe disease (more than 
50 events per hour) is associated with excess mortali¬ 
ty [11] and patients present with complaints related to 
excessive daytime sleepiness, disturbed sleep, morn¬ 
ing headache, impotence, and heavy snoring. In addi¬ 
tion, OSA contributes to deficits in a number of cog¬ 
nitive processes, including intellectual abilities, exec¬ 
utive functions, memory, and learning [5]. 

In a study by He et al. [2], the cumulative survival 
after 5 years in treated and untreated patients with an 
apnea index greater than 20 showed that cumulative 
survival was 100% for the continued positive airway 
pressure (CPAP) treated group versus about 75% for 
the untreated group. CPAP was demonstrated as ef¬ 
fective in suppressing OSA, although long-term com¬ 
pliance remains a major problem. Many studies [3,13, 
14] report that patients with moderate to severe sleep 
apnea use their CPAP for only a mean of 4.7 h/night 
and for a mean 68% of their total sleep time. Howev¬ 
er, full-time use of CPAP is necessary to control the 
symptoms of OSA. 
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Tips and Pearls 

Surgical treatments for OSA are considered 
when initial medical treatments have failed and 
the patients are unable to tolerate nasal CPAP. 


Patients who cannot comply with medical therapies 
for their OSA become at risk of serious medical con¬ 
sequences, including a twofold to threefold increase 
in the risk of motor vehicle accidents [15]. 

Since uvulopalatopharyngoplasty (UPPP) was first 
introduced by Fujita et al. [1] in 1981, many other sur¬ 
gical procedures have been developed to enlarge the 
compromised upper airway in patients with OSA. The 
surgical concept for the treatment of OSA is to en¬ 
large the upper airway, thereby restoring its patency 
during sleep. 

The uvulopalatal flap (UPF) procedure described 
by Powell et al. [12] provides the same anatomical re¬ 
sults as UPPP, but with less postoperative pain, less 
risk of developing velopharyngeal insufficiency, and 
fewer complaints of foreign-body sensation. The ex¬ 
cess palate and uvula are tacked up to the remaining 
functional palate. If the reduction is too extreme, the 
flap can be released in the postoperative period. Hunt- 
ley [4] in 2000 performed the procedure under local 
anesthesia in the outpatient setting using the same in¬ 
struments as for the inpatient procedure. Other sur¬ 
geons also reported on the UPF with successful out¬ 
comes. The procedure appeared to be safe and effec¬ 
tive for the treatment of snoring [10] and OSA [9] in 
carefully selected patients. The UPF was also used 
in conjunction with genioglossus advancement and 
hyoid myotomy to treat patients with multilevel ob¬ 
struction. 

The advantages of the UPF procedure are: 


Reversible procedure 

Low total cost with inexpensive instruments 
One-stage procedure 

Decrease velopharyngeal insufficiency (VPI) 
Low scar contracture 

Fewer complaints of foreign-body sensation 
Same anatomical results as UPPP 
Well-tolerated outpatient surgical procedure 
Safe and effective adjunct procedure for pa¬ 
tients with multilevel obstruction 


Indications and Patient Selection 


A high degree of success with the UPF can be achieved 
when the patients have obstruction in the region of 
the oropharynx. Surgical success depends upon the 
ability of the surgeon to assess the airway and deter¬ 


mine the location of the obstruction. Surgery is indi¬ 
cated when conservative measures, including use of 
nasal CPAP, fail. The presurgical evaluation includes 
a physical examination and workup to confirm the lo¬ 
cation of obstruction. 

Factors that may suggest the oropharynx as the site of 
obstruction are: 


Body mass index below 31 kg/m2. 

No mandibular skeletal deficiency. 

Mild to moderate degree of OSA. 

Redundant soft palate. 

Retropalatal collapse on Muller’s maneuver. 
Appropriate retrolingual space (posterior air¬ 
way space greater than 11 mm.) Distance from 
the posterior nasal space to the tip of the soft 
palate of more than 37 mm. 


As part of the preoperative evaluation the surgeon 
should carefully review the site of obstruction on 
physical examination, nasopharyngoscopy, and the 
cephalogram. Patients with a respiratory disturbance 
index (RDI) greater than 40 and lowest oxygen sat¬ 
uration less than 80% are advised to use CPAP for 2 
weeks prior to surgery. Patients with multilevel ob¬ 
struction should have hypopharyngeal surgery per¬ 
formed simultaneously with UPF. 

Indications for the UPF procedure are: 


Failure of appropriate medical therapy in OSA 
and upper airway resistance syndrome 
Habitual snoring which disturbs the sleeping 
partner 


Contraindications for the UPF procedure are: 


Submucous cleft 
Hemangioma of the soft palate 
Bleeding disorder 
Severe trismus 
Cleft palate 

Velopharyngeal insufficiency 
Uncontrolled medical condition 


Surgical Techniqui 


The UPF procedure is performed under general an¬ 
esthesia with the patient in the Rose position. After 
orotracheal intubation has been performed, a self-re¬ 
taining mouth gag is inserted to maintain adequate 
exposure. The oropharyngeal structures are careful- 















Uvulopalatal Flap 

ly inspected to determine the dimension of the inlet 
(Fig. 32.1a). The soft palatal arch and the uvula are 
frequently in direct contact with the posterior pha¬ 
ryngeal wall. The uvula is pulled away from the pha¬ 
ryngeal wall and reflected back toward the soft pal¬ 
ate, expanding the oropharyngeal space. We can es¬ 
timate the potential airspace to be achieved and the 
amount of the tissue to be removed (Fig. 32.1b). Five 
to 10 ml of 1% lidocaine with 1:100,000 epinephrine 
solution is injected at three points 1 cm from the 
lower rim of the palatal arch. This is to promote ho¬ 
meostasis and is done by agreement with the anes¬ 
thesiologist. 

The flap is designed as a rhombus on the soft pal¬ 
ate, one angle of which is on the uvula and the oppo¬ 
site angle is on the soft palate near the hard-palate and 
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soft-palate junction. The outline is not brought onto 
the edge of the palate. It can be carried out laterally to 
achieve the lateral advancement. 

The mucosa, submucosa with glands, and fat on 
the lingual surface of the uvula and soft palate are 
stripped away from the muscular layers beginning at 
the top corner in the soft palate (about 2 cm from the 
base of the uvula) and moving downward, toward the 
uvula (Fig. 32.1c). A bleeding point will often be en¬ 
countered near the left and right corners of the inci¬ 
sion. 

The uvular tip is amputated and excess muco¬ 
sa is carefully removed inside the outline. The uvula 
should be clamped before amputation to prevent trou¬ 
blesome bleeding from the uvular artery. If bleeding 
occurs, it is controlled with electrocoagulation. The 






Fig. 32.1. a Before the uvulopalatal flap procedure, b The 
amount of palatal shortening desired is estimated by reflecting 
the uvula forward, c The mucosal strip is dissected and a por¬ 


tion of the tip of the uvula is amputated, d The uvula is reflect¬ 
ed back toward the soft palate and fixed into its new position 
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uvula is reflected back toward the soft palate and fixed 
into its new position with a 3-0 polyglactin suture 
(Vicryl) beginning with a mattress suture at the top 
corner and then with simple interrupted sutures (Fig. 
32.Id). Tension can be varied to allow adjustment in 
elevating the edge of the soft palate and trimming re¬ 
dundant mucosa during suturing. 


Tonsillectomy is performed avoiding damage to the 
underlying musculature. The palatopharyngeal mus¬ 
cle is pulled anterolaterally and sutured to the palato¬ 
glossal muscle. Several interrupted sutures are placed 
through the muscles between the two palatal arches. 
The tonsillar fossa is closed and redundant mucosa is 
eliminated. 
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Uvulopalatal Flap Under Local Anesthi 


The UPF procedure is performed as described in the 
preceding section, using the modification in which 
the procedure is performed under local anesthesia 
(Fig. 32.2). The patients are given prophylactic antibi¬ 
otics 1 h before surgery. Diazepam (5 mg) is admin¬ 
istered only for patients with a significant gag reflex. 
The UPF procedure is performed with the patient in 
an upright sitting position in an examination chair. 
The patient is monitored with pulse oximetry dur¬ 
ing the procedure. Basic life support and emergency 
equipment are available in the operating room. 

The soft palate is anesthetized with 10% lidocaine 
topical dispersion, and 5-10 ml 1% lidocaine with 
1:100,000 epinephrine solution is injected submuco- 
sally into the soft palate and uvula. Adequate suction 
is performed to provide patient comfort. The patient 
is requested to relax the tongue. The patient takes a 
deep breath and slowly lets it out. The procedure be¬ 
gins 5-10 min later, after allowing the anesthetic to 
take effect. 



The postoperative management is similar to that of 
tonsillectomy. Patients are placed on antibiotics, mu- 
colytics, and analgesia for 5-7 days. They may bene¬ 
fit from short-term tapering doses of systemic corti¬ 
costeroid. Xylocaine gel is used to relieve pain every 4 
h as needed or before meals. Soft diet and avoidance 
of citrus and spicy foods are recommended. Patients 
with associated medical problems are monitored in 


the intensive care unit setting. Complication rates 
may be reduced by avoiding potent narcotic agents 
and other sedatives. CPAP is advised in patients with 
a preoperative RDI greater than 40 and lowest oxygen 
saturation less than 80%. Patients are seen in follow¬ 
up 7 days later and again in 4-6 weeks. 


Results 


Powell et al. [12] reported that the UPF procedure 
provided the same anatomical and clinical results as 
UPPP. Postoperative snoring determined by subjec¬ 
tive measurement was similar in both procedures. A 
positive correlation between improved snoring and 
repositioned tissue was evident. UPF was performed 
as a one-stage surgery for snoring. In one study [10], 
the UPF success rate for snoring was 88% (49 of 56 
patients). This demonstrated a significant improve¬ 
ment in the snoring index (245.8 versus 42.5 events 
per hour) and the percentage of sleep time spent in 
loud snoring (10.2 versus 3.8%). It also appeared that 
the changes in both parameters correlated signifi¬ 
cantly with changes in the subjective perception of 
the disease. 

The UPF results for OSA were comparable to the 
UPPP results. The UPF decreased the RDI by 50% or 
more in 19 of 36 patients (52%). The mean preopera¬ 
tive and postoperative RDI was 45.2 and 10.1 events 
per hour, respectively. There was significant reduction 
in the distance between the posterior nasal spine and 
the soft palate of 43.8 to 45.9 mm [9]. The success of 
UPF in conjunction with hypopharyngeal surgery for 
the treatment for OSA was 70-78% [7, 8], and long¬ 
term success was 65% [6], 



Fig. 32.2. a Before the procedure, b Lidocaine (1%) with epi- amputated, f A mattress suture is placed at the top corner, 
nephrine is injected, c Outline of the incision is performed, g Simple interrupted sutures are placed, h After the proce- 
d The mucosal strip is dissected, e The tip of the uvula is dure 
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Complication! 


Complications with the UPF procedure are infre¬ 
quent and include [9,12]: 


Bleeding (2%) 

Infection (2%) 

Transient VPI (4-11%) 

Wound dehiscence (2%) 
Foreign body sensation (1-4%) 
Voice change (1%) 

Transient band sensation (2%) 


Airway obstruction, nasopharyngeal stenosis, and se¬ 
vere bleeding are not encountered. 


Conclusion 


The UPF procedure appears to be a safe and ef¬ 
fective means to improve palatal obstruction. 
This reversible procedure can be performed as 
a one-stage surgery on an outpatient basis. Pa¬ 
tients who have multilevel obstruction can un¬ 
dergo UPF and hypopharyngeal surgery simulta¬ 
neously. 
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Core Messages 


■ Snoring is a common social nuisance. 

■ Snoring can be treated with a simple office- 
based technique. 

■ Palatal implants are made from synthetic 
material, i.e., polyethylene terephthalate. 

■ Palatal implants are effective for the treat¬ 
ment of snoring. 

■ Minimal complications, including extrusion, 
have been documented in the literature. 
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Introduction 


Snoring is part of a spectrum of diseases that includes 
upper airway resistance syndrome and obstructive 
sleep apnea (OSA). Snoring is due to the vibration 
of the structures in the oral cavity and oropharynx. 
It usually bothers the spouse more than the patient. 
Owing to poor sleep quality, fragmented sleep, inter¬ 
mittent nighttime hypoxemia, reduced percentage of 
slow-wave sleep and increased sympathetic overdrive, 
OSA results in daytime somnolence, morning head¬ 
aches, poor concentration, loss of memory, frustra¬ 
tion, depression and even marital discord. 


Many surgical procedures of the soft palate fo¬ 
cus on soft tissue volume reduction. The basis of each 
method is to create scar tissue, to incite fibrosis and 
to stiffen the palate, therefore resulting in reduced 
vibration and collapsibility of the soft palate. A new 
method involves the use of synthetic implants insert¬ 
ed into the soft palate. Palatal implants (Pillar* sys¬ 
tem, Restore Medical, St. Paul, MN, USA) are made of 
polyethylene terephthalate) (PET), a linear, aromat¬ 
ic polyester that was first manufactured in the late 
1940s. Current medical applications for PET include 
sutures, surgical mesh, vascular grafts, and cuffs for 
heart valves [9, 11], Extensive research on PET has 
demonstrated its biostability [2], promotion of tis¬ 
sue ingrowth [1] and a well-characterized fibrotic re¬ 
sponse [10,12], Each soft-palate implant is cylindrical 
in shape, measures 18 mm x 1.8 mm, and is made of a 
porous and braided PET. 


Tips and Pearls 

Palatal implantation involves the placement of 
three implants in the upper portion of the soft 
palate under local anesthesia in the office. The 
basic goal is to increase the rigidity of the soft 
palate. 


There has been research showing that the implants re¬ 
sult in a less collapsible airway by this increased ri¬ 
gidity [5], 


Indications and Contraindications 
of Palatal Implant Surgery 


Indications are: 


Snorers with primary palatal snoring 
Mallampati grade I and II 
Small tonsils 

Mild OSA (apnea-hypopnea index, AHI, be¬ 
low 15) (results may be unpredictable) 
Moderate OSA (results may be unpredictable) 
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Severe OSA (AHI > 35) 

Short soft-palate length of less than 20mm 
(relative contraindication) 


Preoperative Workup 


This involves: 


Thorough clinical history and physical exam¬ 
ination 

■ Endoscopic examination of the upper airway 
Polysomnogram (sleep study) 


Surgical Technique 


The outpatient procedure is done with the patient un¬ 
der local anesthesia in the office. The patient is seated 
in an examination chair with the mouth open. Top¬ 
ical benzocaine (14%) is used to anesthetize the pal¬ 
atal region. A total of 3 ml of 1:100,000 epinephrine 
and 2% Xylocaine is injected into three sites of the soft 
palate (Fig. 33.1). 

The midline implant is placed first, followed by 
two more implants that are placed approximately 2 
mm to either side of the midline implant. Each pala¬ 
tal implant comes preloaded in the needle of a dispos¬ 
able delivery tool that inserts the implant into the soft 
palate. Ideally, the insertion site is set as close to the 
hard-palate and soft-palate junction as possible (Figs. 
33.2, 33.3). After theprocedure, a flexible nasoendos- 
copy is preformed to ensure that the implant has not 
breached the nasal mucosal surface of the soft palate 
(Fig. 33.4). Hemostasis, if required, is achieved with 
electrocautery. All patients are prescribed anesthetic 
gargles and lozenges, nonsteroidal anti-inflammatory 
agents, narcotics or nonnarcotic analgesics. 

The final result is a stiffened palate with increased 
rigidity and a less collapsible airway. With time, a fi- 
brotic capsule forms around the three implants, and 
further stiffens the palate. 


Tips and Pearls 

— Careful patient selection is critical. 

■ Realistic patient expectation. 

Midline insertion may be hindered owing to 
the fibrous midline muscular raphe. 

Careful insertion is particularly prudent on 
the lateral sides of the soft palate, as it is thin¬ 
ner there and insertion of the implant may 
breach the nasal side of the palate. 


I 

18 mm 

1 



Fig. 33.1. The three palatal implants in place in the soft pal- 


Complications 


Complications arising from this procedure are not 
common. The main complaint is postoperative pain; 
a rare patient complains of a foreign-body sensation 
in the throat. More severe complications like palatal 
fistula have not been reported. Incidents of implant 
extrusion have been reported. 


Results/Outcomes 


There is a delicate balance between the pharyngeal 
biomechanics and the anatomical structure that con¬ 
tribute to airway collapse in patients suffering from 
OSA. It would be rather simplistic to attribute the 
pathophysiology of OSA to the “small box” (cranio¬ 
facial skeleton/jaw) or the crowded contents (oropha¬ 
ryngeal/tongue soft tissue). Nevertheless, most oto- 


Contraindications are: 


Severe OSA (AHI > 35) 

Short soft-palate length of less than 20mm 
(relative contraindication) 
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laryngologists have focused attention on either re¬ 
moving soft tissue in the oropharynx or enlarging 
the jaw. The palatal implants are novel devices that do 
not remove soft tissue from the soft palate, but rath¬ 
er have been designed to stiffen and increase rigidi¬ 
ty of the soft palate. This reduces collapsibility of the 
palate as well. 

It was first demonstrated in 12 patients with mild 
OSA (AHI < 15), by Ho et al. [4] that palatal implants 
are safe and effective in reducing the snoring inten¬ 
sity and daytime sleepiness after 3 months after sur¬ 
gery. Nordgard et al. [7] showed in 35 patients that 
the mean subjective reduction in snoring intensi¬ 
ty was 51%, with improvement in excessive daytime 
sleepiness as well. The longest follow-up in patients 
with the implants was documented at a 1-year follow¬ 
up period [6]. The authors found an encouraging re¬ 
duction of snoring and daytime sleepiness; however, 
there was a high extrusion rate of 25% (ten out of the 
40 patients) [6], Skjostad et al. [8] revealed that stiffer 
implants had no advantage over the regular implants 
used, and that stiffer implants had higher extrusion 
rates than the regular implants. 

The largest series was reported by Kuhnel et al. [3], 
Fig. 33.2. Insertion of the implant with the implant device in which 106 primary snoring patients showed im- 




Fig. 33.3. Insertion point 
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Oropharynx 


Fig. 33.4. Histology diagram of the correct position of implants 
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pressive subjective reduction in snoring intensity and 
daytime sleepiness. 

Previously, surgical interventions were limited to 
volumetric reduction of the soft palate, and creation 
of scar tissue. The improvement following a reduc¬ 
tion procedure results from a decrease in the volume 
of tissue as well as an increase in the stiffness of the 
palate secondary to scar formation. This new method 
of stiffening the soft palate with implants appears to 
be effective in the reduction of snoring intensity and 
daytime sleepiness. It remains premature to conclude 
that these implants will be effective in the treatment 
of sleep apnea. 
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Core Messages 


■ Snoring is a common social nuisance. 

■ Snoring can be treated with a simple office- 
based technique. 

■ Injection snoreplasty is an effective method 
for the treatment of snoring. 

■ Different sclerotic agents have been used with 
similar results. 

■ Minimal complications for this procedure 
have been documented in the literature. 
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Introduction 


Sleep-disordered breathing is a spectrum of diseas¬ 
es that includes snoring, upper airway resistance syn¬ 
drome (UARS) and obstructive sleep apnea (OSA). 
Snoring is caused by vibration of the structures in the 
oral cavity and oropharynx - namely, the soft palate, 
uvula, tonsils, base of tongue, epiglottis and pharyn¬ 
geal walls. Sleep-disordered breathing encompass¬ 
es simple snorers (patients who snore without exces¬ 
sive daytime somnolence and with a normal apnea- 


hypopnea index, AHI), UARS (patients with excessive 
daytime somnolence but a normal AHI) and OSA 
(patients who snore and have both excessive daytime 
somnolence and an abnormal AHI). 

A multitude of techniques have been introduced to 
treat snoring. The basis of each method is to create 
scar tissue, to incite fibrosis and to stiffen the palate. 
This decreases the vibration of the palate and dimin¬ 
ishes snoring, with the intention of reduced collaps- 
ibility and therefore fewer apneic episodes. 

Sodium tetradecyl sulfate (STS) has been used as 
a sclerosing agent to stiffen the palate. It has a long¬ 
standing excellent safety record for the treatment of 
varicose veins, and it has very low cost. 


Indications and Contraindications 
for Injection Snoreplasty 


Indications are: 


Snorers with primary palatal snoring 
Mild OSA (AHI < 15) 


Contraindications are: 


Patients with a cleft palate 

Patients with velopharyngeal insufficiency 

Patients with a palatal fistula 

Patients with a thin soft palate 

(relative contraindication) 

Moderate and severe OSA (AHI >15) 


Preoperative Workup 


This involves: 


Thorough clinical history and physical exam¬ 
ination 

Endoscopic examination of the upper airway 
Polysomnogram (sleep study) 
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Surgical Technique 


This 15-min outpatient procedure is done with the pa¬ 
tient under local anesthesia in the office. The patient is 
seated in an examination chair with the mouth open. 
Topical benzocaine (14%) is used to anesthetize the 
palatal region. A total of 2 ml of 1:100,000 adrenaline 
and 2% Xylocaine is injected into the midline of the 
soft palate. 

The primary injection site is in the midline just 
above the uvula (Fig. 34.1). The sclerotic agent is con¬ 
stituted and introduced into the soft palate by injec¬ 
tion with a needle and syringe. A translucent bubble 
of fluid is seen as 2 ml of the sclerosing agent is inject¬ 
ed within the submucosal plane. The bubble turns to a 
hemorrhagic color within 2-3 min of injection as the 
sclerosing agent takes effect. Hemostasis, if required, 
is achieved with electrocautery. All patients are pre¬ 
scribed anesthetic gargles, lozenges and narcotic or 
nonnarcotic analgesics. 

The final result is a fibrotic palate that is retracted 
superiorly, with the oropharyngeal airway widened. 

For the patient undergoing a repeat injection, the 
injection sites differ. Reinjection into the midline is 
usually difficult because of the already stiffened mid¬ 
line soft palate; therefore, the soft palate is reinjected 
lateral to the primary injection site, with 1 ml of the 
sclerosing agent on each side (Fig. 34.2). However, if 
the prior injected site in the midline is inadequately 
stiffened, reinjection there is possible. 


Tips and Pearls 

Careful patient selection is crucial. 

Patient expectations should be realistic. 
Primary-site injection is made in the midline. 


Secondary-site injection may be given care¬ 
fully laterally, as the lateral sides of the soft 
palate are thinner (in order to prevent fistula 
formation). 


Complications 


There have been few reported complications from 
this procedure. The main patient complaint is that of 
postoperative pain. Most describe a “lump”-in-throat 
sensation, which resolves in 2-5 days. There may be 
mucosal breakdown over the injection site. Other 
complications like velopharyngeal insufficiency and 
palatal fistula are uncommon. 


Results/Outcome 


There have been a handful of articles showing fair¬ 
ly good results achieved with this procedure. Brietz- 
ke and Mair [1] first described this technique in 27 
patients, using the sclerosant Sotradecol (STS). Twen¬ 
ty-five (92%) of the 27 patients reported a subjective 
decrease in their snoring and were satisfied. There 
were no significant complications documented. Levin¬ 
son [5] demonstrated similar results with this proce¬ 
dure. Lon- term results up to 19 months were evaluat¬ 
ed by Brietzke and Mair [2], who showed that the sub¬ 
jective reduction in snoring decreased from 92% at 3 
months to 75% at 19 months, and the snoring relapse 
rate was 18%. Other sclerosants were also investigat¬ 
ed by Brietzke and Mair [3], including ethanol, doxy- 
cycline and hypertonic saline. They observed that the 
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use of 50% ethanol as a sclerosing agent has similar 
results to 3% STS; however, doxycycline and hyper¬ 
tonic saline were not as efficacious. 

There is one nonrandomized prospective study that 
was done on 70 simple snorers comparing the effica¬ 
cy of radiofrequency ablation versus injection snore¬ 
plasty [4], A subjective improvement was reported in 
87.5% of the patients who had radiofrequency abla¬ 
tion and 76.7% of the patients treated with injection 
snoreplasty. It was concluded that the treatments were 
equally effective in treating snoring. 
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Core Messages 


■ Uvulopalatopharyngoplasty (UPPP) is one 
surgical option to increase upper-airway di¬ 
ameter at the velopharyngeal level. 

■ UPPP as an isolated procedure does not al¬ 
ter enough the soft tissues of the upper air¬ 
way for patients with obstructive sleep apnea. 
UPPP with tonsillectomy is more effective. 

■ The success rate of each type of velar surgery 
decreases with increasing follow-up period. 
In selected patients, long-term effectiveness 
of UPPP is approximately 50%. There are, 
however, no validated criteria to select a “ve¬ 
lum snorer” for UPPP. 

■ A more radical UPPP is not more effective 
than a less radical UPPP but it increases the 
incidence of complications; therefore, there 
is no rationale for radical UPPP. 

■ A low complication rate can be achieved us¬ 
ing some techniques of UPPP which preserve 
muscles and mucosa of the velum. 

■ A polysomnographic evaluation is necessary 
1-3 years after UPPP. 
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Introduction 


Snoring is caused by vibrations of soft tissues in con¬ 
stricted segments of the upper airway during respi¬ 
ration while asleep. It is sign of the nonsymptomat- 
ic primary snoring and of the symptomatic snoring of 
the upper airway resistance syndrome and of obstruc¬ 
tive sleep apnea (OSA), all of them belonging to the 
subgroup of sleep-disordered breathing (SDB). To re¬ 
duce excessive pharyngeal tissue for snoring patients, 
Ikematsu [15] introduced palatopharyngoplasty and 
partial uvulectomy in 1964. Fujita et al. [9] modified 
the technique for patients with OSA syndrome and 
termed it uvulopalatopharyngoplasty (UPPP) in 1981. 
In the meantime, several modifications of UPPP with 
and without tonsillectomy/tonsillotomy (T) were 
published and were described and illustrated in the 
book Snoring and Obstructive Sleep Apnea [6], Newer 
methods of soft-palate surgery are depicted in Surgery 
for Sleep-Disordered Breathing [12], 

UPPP is the most common operation performed to 
enlarge one segment of the upper-airway caliber for 
treating SDB. The amount of excised velar soft tissue 
varies from method to method, as does the incidence 
of associated complications. A more radical UPPP is 
not more effective than a less radical UPPP but it in¬ 
creases the complication rate. 

Since 1986 we have preferred a UPPP technique 
that preserves tissue, especially the velar muscles and 
mucosa. From 1986 to 1990 we performed UPPP with¬ 
out selection criteria - none had been proposed in the 
literature - and since 1990 we have employed specific 
selection criteria [28]. In 1996 our surgical technique 
became more conservative based on Ikematsu’s pro¬ 
cedure from 1964 [1], 

The goals of UPPP as a selective treatment in patients 
with SDB are: 


Significant reduction of the SDB and daytime 
sleepiness 

No impairment of other functions 
Highly predictable success rate 
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Low complication rate 

Option for combination with other therapeu¬ 
tic modalities 

High long-term acceptance rate by the patient 
High acceptance rate by the sleeping partner 


Unfortunately, we have not yet achieved these goals 
in their entirety because validated patient selection 
criteria are not available. Furthermore, it was shown 
that UPPP alone does not alter enough upper-airway 
soft-tissue anatomy for OSA [32], 


Patient Selection 

and Preoperative Evaluation 


UPPP can reduce or eliminate the snoring sound of 
the so-called velum snorer. But it is not that easy to 
recognize with certainty the velum snorer. 

Clinically, the velum snorer displays characteristic 
anatomic traits of the soft palate, such as: 


Long and/or wide pendulous uvula with hori¬ 
zontal mucosal folds. 

Flaccid drooping and redundant posterior 
tonsillar pillars (webbing). 

Elongated uvula embedded in the long poste¬ 
rior palatal arch. 

Short distance between the soft palate and 
pharyngeal posterior wall. 

Formation of craniocaudal redundant mucosal 
folds in the posterior pharyngeal wall. 
Enlarged palatine tonsils may also add to the 
encroachment of the oropharyngeal caliber. 


On the other hand, there are persons with typical 
velar webbing and hypertrophic tonsils who do not 
snore. This supports the argument that OSA is not 
only an anatomic disorder [31] but is probably initiat¬ 
ed by neural events during sleep [34], 

The velum snorer is especially distinguished by a 
snoring sound characterized by a base frequency of 
25-50 Hz and a multitude of overtones, which re¬ 
sults in a regular and harmonic sound pattern [30]. 
UPPP has no effect in the case of a “tongue base snor¬ 
er” whose nighttime respiratory sounds are charac¬ 
terized by loud, hard, metallic, nonharmonic snoring 
with frequency between 1,100 and 1,700 Hz. 

Examination of patients with possible velum snor¬ 
ing [29] involves the following: history-taking with 
standardized or validated questionnaires for profiling 
risk symptoms and daytime sleepiness; otorhinolaryn- 
gological status including orthodontic status of occlu¬ 
sion situation, staging after Friedman et al. [8] for ton¬ 


sils and tongue position; testing the sensitivity of the 
soft palate, which is decreased in heavy snorers and pa¬ 
tients with OSA [5,22]; flexible nasopharyngeal video¬ 
endoscopy with the patient in a supine position; Fin- 
kelstein test [7] (patients are asked to drink water with 
their heads protruded from under a running faucet - 
in cases of velum sufficiency, no water enters the nose); 
measurement of body mass index (BMI) and neck size; 
measurement of nasal obstruction and/or nasal airway 
cross-sectional areas; portable polysomnography. 

In individual cases the following are useful: later¬ 
al radiocephalogram; objective wakefulness and vig¬ 
ilance tests; allergy diagnosis; imaging the upper air¬ 
way; tape recording of snoring noise at home. Sum¬ 
marizing the chances of proper patient selection for 
UPPP, we have to admit that this still remains a result 
of personal experience in many cases. The literature 
provides only a few prospective studies for SDB which 
suggest selection or exclusion criteria for UPPP. 

Selection or exclusion criteria for UPPP are: 


In general, obesity is a negative selection crite¬ 
rion. The limit for performing UPPP alone 
appears to lie at a BMI between 28 and 30 
kg/m2. An increased neck size, often assoc¬ 
iated with obesity, is also a negative selection 
criterion. 

A high apnea-hypopnea index (AHI) or oxy¬ 
gen desaturation index is a negative selec¬ 
tion criterion for isolated UPPP. The “absolute” 
value is disputed; it seems to lie between 20 
and 30 events per hour. The experience of di¬ 
minishing success rates with increased initial 
AHI has shown that in these cases the com¬ 
plete upper airway is affected by the SDB. We 
therefore prefer a multilevel surgery concept in 
patients with an AHI above 25. 

The presence of large tonsils is a positive selec¬ 
tion criterion [35], If they still exist, we 
always remove tonsils in the context of UPPP 
for SDB. 

Retrognathia and micrognathia are negative 
selection criteria for isolated UPPP. In 
these cases the obstruction often lies behind 
the tongue. 

A positive Muller maneuver (provoking a col¬ 
lapse during inspiration against the artificially 
closed airway) in the context of the nasopha¬ 
ryngeal videoendoscopy has no predictive 
value; therefore, we do not employ it. 

Because of the possibility to acquire even a 
minimal velar insufficiency, we do not recom¬ 
mend UPPP to patients of certain professions: 
singers, speech professions, wind-instrument 
players and divers 
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Indications and Contraindications 
for Isolated UPPP 


Indications are: 


Velum snorer with airway obstruction at the 
level of the soft palate by redundant tissue 
Velum snorer on the basis of analyzing snor¬ 
ing noises 

Hypertrophy of palatine tonsils 
No malocclusion in need of treatment 
BMI < 30 kg/m 2 

None or minor daytime sleepiness 
Primary snoring, mild OSA; AHI < 25 
For moderate or severe OSA as part of a multi¬ 
level surgery concept 
Contraindications are: 

Chronic heart and/or lung diseases 
Neurological/psychiatric illnesses in need of 
treatment 

High anesthesia risk 
Chronic alcoholism 
Soporific drug abuse 

Obesity; BMI > 30 kg/m 2 ; increased neck size 
Marked daytime sleepiness 
Moderate or severe OSA; AHI > 25 
Severe bite misalignment (micrognathia, 
retrognathia) 

Bulky, elevated base of the tongue, tongue 

enlargement 

Too short soft palate 

Submucous cleft palate, velopharyngeal insuf¬ 
ficiency 

Narrow pharyngeal airway behind the tongue 
Large distance between the lower edge of the 
mandible to the hyoid (radiocephalogram) 
Certain craniofacial deformities 
Persons with certain professions 


duce damaging pressure and postoperative edema. The 
oropharyngeal structures are closely inspected to eval¬ 
uate their dimensions and topography. An infiltration 
of the soft palate with vasoconstrictive additive and 
local anesthetic is not necessary, while infiltration of 
an anesthetic mixture in the tonsils between the ton¬ 
sillar capsule and bed with a curved needle is recom¬ 
mended to reduce postoperative pain [27]. 

Step 1. Partial uvulectomy can be performed at the 
beginning or at the end of the operation. The uvu¬ 
lar tip is grasped with forceps and pulled towards the 
tongue. This way, the muscle bellies can be clearly dis¬ 
tinguished under the mucosa, which means that the 
excessive mucosa of the uvula can be adequately eval¬ 
uated and removed without injuring the musculi uvu¬ 
lae. After bipolar cauterization of both uvular arteries, 
the uvula stump is sewed together with a 3-0 double 
Vicryl suture (Fig. 35.7). The incision into the muco¬ 
sa is performed with a semicircular movement in the 
oral fold of the palatoglossus muscle, approximately 2 
mm (!) away from the free edge, and 1 cm away from 
the base of the uvula (Fig. 35.2). Then, the fibers of the 
palatoglossus muscle are identified and preserved while 



Fig. 35.1. Mucosal incision of the anterior tonsillar pillar ap¬ 
proximately 2 mm away from the free edge 


Ulm Procedure of UPPP 


The procedure is demonstrated in Video 35.1. 

On the basis of the anatomy and function of the soft 
palate, we markedly modified the technique of Fujita at 
al. [9] in 1986 [28] and returned to a more tissue-pre- 
serving technique in 1996 [1] based on Ikematsus [15] 
procedure from 1964. 

UPPP with or without T is performed under gener¬ 
al anesthesia with the patient in the Rose position (su¬ 
pine with head hanging). After orotracheal intubation 
has been performed, a self-retaining mouth gag is in¬ 
serted. The gag is covered with a silicone tube to protect 
the teeth. In case of a large tongue in a small oral cav¬ 
ity, intermittent decompression of the tongue may re- 



Fig. 35.2. Tonsillectomy should be restricted to the removal 
of lymphatic tissue and preserves the mucosa of the posterior 
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exposing the superior pole of the tonsil by sharp dissec¬ 
tion with scissors. 

Step 2. Tonsillectomy follows, in which the pos¬ 
terior tonsillar pillar with its mucosa is initially pre¬ 
served (Fig. 35.2). Tonsillectomy should only involve 
the palatine tonsil and not parts of the lingual ton¬ 
sil. Bleeding is controlled by bipolar cauterization and 
ligature. 

Step 3. The posterior tonsillar pillar (palatopharyn- 
geus muscle with its covering mucosa and a few fibers 
of the superior pharyngeal constrictor muscle) is par¬ 
tially incised (Fig. 35.3) precisely at the site of maxi¬ 
mum tension of the palatopharyngeus muscle as felt 
by pulling the posterior pillar with forceps towards 
the curvature of the anterior pillar. As a result, the 
posterior pillar opens up in a V shape, which produc¬ 
es a lengthened posterior pillar edge to be sewed to¬ 
gether with the anterior pillar. 

Step 4. Now the two palatal arches can be united 
without tension by interrupted double sutures but only 
in their upper parts, while the triangular inferior ton¬ 
sillar fossa is left open (Fig. 35.4). This results in an an¬ 
terolateral advancement of the incised superior palato¬ 
pharyngeus muscles. Each interrupted double suture 
connects mucosa and musculature of the anterior pil¬ 
lar, a small muscular bundle of the lateral pharynge¬ 
al wall, and mucosa and musculature of the posteri¬ 
or pillar with braided, absorbable, atraumatic thread 
(e.g. Vicry® 2-0 SH or 2-0 SHI or Polysorb® 2-0 X ). 
Tightening the knots should be performed very gen¬ 
tly to avoid ischemia of the muscles and postoperative 
pain. We recommend double sutures in order to pre¬ 
vent premature ripping of the suture during swallow¬ 
ing. Usually three sutures per side are sufficient (Fig. 
35.5). With these sutures the posterior tonsillar pil¬ 
lar is moved laterally and anteriorly, thus enlarging 
the velopharyngeal caliber. This results in a semiel¬ 
liptical soft palate, which stiffens as a consequence of 
scarring. An identical procedure is performed on the 
opposite side. 

In cases where the posterior pillar is very thin and 
the tonsillar fossa is very deep, which is mostly asso¬ 
ciated with extreme tonsillar hypertrophy, the elon¬ 
gation of the posterior pillar by the V-shaped incision 
will not be enough in order to place all sutures be¬ 
tween the two pillars without tension. In such a case a 
triangle between the two sewed pillars should be left 
open. 

Step 5. Finally, redundant mucosa of the posterior 
pillar on both sides of the uvula is removed (Fig. 35.6), 
and the mucosal folds of the anterior and posterior 
tonsillar pillar are sewed together. Figure 35.8 shows 
how the originally more Roman form of the soft pal¬ 
ate has turned into a semielliptical one as a result of 
the lateralization of the posterior tonsillar pillar. Me¬ 
ticulous sewing results in primary wound healing in 
almost all patients. 



Fig. 35.3. The medial part of the palatopharyngeus muscle 
with its covering mucosa in the posterior pillar is partially in¬ 
cised to enlarge the posterior pillar 



Fig. 35.4. The double suture connects mucosa and muscle of 
the anterior pillar (1), a muscular bundle of the lateral pha¬ 
ryngeal wall (2), and mucosa and muscle of the posterior pil¬ 
lar (3). Tightening the knots (4) should be performed very 
gently 



Fig. 35.5. Only the upper part of the palatal arch is sewed with 
interrupted double sutures 
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Fig. 35.6. Redundant mucosa of the posterior pillar on both 
sides of the uvula is removed 




Fig. 35.9. Typical appearance of the new velum 14 months 
postoperatively a at rest and b in action 


Fig. 35.7. Partial uvulectomy: excessive mucosa is resected 
without touching the musculi uvulae, the uvula stump is sewed 


Fig. 35.8. The newly created soft palate with uvula stump 


This Ulm procedure of UPPP with T preserves all 
velar muscles and sacrifices only a minimum of velar 
mucosa. A less vibrating new velum with a shortened 
uvula has been created with a lateralized upper posteri¬ 
or pillar and the horizontal edge of the velum more in 
an anterior position (Fig. 35.9). Together with the ton¬ 
sillectomy, an enlargement of the upper-airway caliber 
on the velopharyngeal level has been achieved. 

In cases where the UPPP is performed on a patient 
who has previously undergone tonsillectomy, one 
usually finds firm scarring between the remnants of 
the anterior and posterior tonsillar pillars, which pro¬ 
motes stenosis on the velopharyngeal level, especial¬ 
ly towards the uvula. The incision is made where the 
caudal end of the palatoglossus muscle is assumed to 
be in the superior half of the tonsillar fossa. Only a 
small strip of scarred mucosa is excised. Underneath, 
the scars should be unraveled by rending them apart 
so that the folds of the two tonsillar pillars are well ex¬ 
posed again. Just as in the case of UPPP with tonsil¬ 
lectomy, the posterior pillar is incised at the site of its 
maximum tension. If the remaining tissue is scarce, 
small Z-plastics will enable more conducive recon¬ 
struction conditions for a semielliptical new soft pal¬ 
ate. 

In children, a conservative UPPP is performed 
only in exceptional cases, e.g., in neurologically im- 
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paired children [20], or those with craniofacial defor¬ 
mities or Down’s syndrome with an underdeveloped 
maxilla and muscular hypotonia [13]. This procedure 
involves sawing of the superior parts of the tonsillar 
pillars after tonsillectomy and resection of the mus¬ 
cleless portion of the uvula. 


Postoperative Care 


Intraoperatively an intravenous single-shot antibiot¬ 
ic with 2 g cefazolin is administered; otherwise, an¬ 
tibiotics are only used in cases of relevant inflam¬ 
matory complications. In patients with a history of 
oral aphthous ulcers, a virostatic is applied. The se¬ 
vere pain occurring in almost all of the patients in the 
first postoperative days is treated with diclofenac sup¬ 
positories, and later with tablets. Apart from aspirin, 
there is no significant increased risk of postoperative 
bleeding for nonsteroidal anti-inflammatory drugs, 
as recently published in a meta-analysis [23]. 

In most cases, postoperatively, there is a remarkable 
edema of the uvula stump which can even enhance 
postoperative snoring. The patient should know this. 
During the first postoperative day, the patients are fed 
via infusion, and take in tea and ice cream, as in the 
case of a tonsillectomy. Most patients are also able to 
swallow liquids, albeit under pain. From the second 
day, they receive a special tonsillectomy diet. The su¬ 
tures are removed between the tenth and 12th postop¬ 
erative day. The inpatient time varies between 2 and 5 
days, depending on the ability to eat and the extent of 
pain. Postoperative intensive care supervision is not 
usually necessary after isolated UPPP and T [2], 

If indicated, we perform UPPP and tonsillectomy 
combined with rhinosurgery in the majority of pa¬ 
tients. In these cases, the patient is forced to breathe 
through the mouth during the period when there is 
nasal packing (1-2 days). This leads to a heightened 
postoperative morbidity; but this is justifiable in the 
majority of cases. These patients need to be super¬ 
vised in the recovery room immediately postopera¬ 
tively (during the first 3-6 h after surgery). 


Long-Term Effectiveness 
of UPPP for SDB 


Eight groups of authors reported on long-term results 
after UPPP for primary snoring in 868 patients with 
follow-ups between 1.5 and 10 years [12]. No snoring 
was found in 29.8% of patients, reduced snoring in 
43.1%, no change in 29.4% and worse snoring in 8.1%. 
Combining the values for “snoring reduced” and “no 
snoring” results in a long-term success rate of 73% 


for isolated UPPP in the treatment of primary snor¬ 
ing. But these data have to be considered with cau¬ 
tion, owing to the fact that the diverse evaluation cri¬ 
teria are extremely heterogeneous. Accordingly, the 
success rates vary in the cited studies between 44 and 
91%. Six of the eight studies were retrospective, one 
evidence-based medicine (EBM) grade II-2 and one 
EBM grade II-3. 

There are only a few prospective studies covering 
long-term results of up to 9 years after UPPP for OSA 
[12]. As with the other techniques, the comparabili¬ 
ty of these data is problematic owing to varying suc¬ 
cess criteria. Almost unanimously, all authors find a 
discrepancy between adequate subjective improve¬ 
ment of the symptoms and nearly unchanged objec¬ 
tive sleep parameters after UPPP; therefore, polysom- 
nographic postoperative evaluation is necessary after 
1-3 years. 

Every surgeon should study the excellent survey by 
Sher et al. [33], The authors used as success criteria 
AHI < 20 and a reduction of the AHI of at least 50% 
(or analogously apnea index of less than 10 and a re¬ 
duction of the apnea index of less than 50%). For the 
nonselected patient pool this meta-analysis yielded a 
surgery success rate of 40.7%. In the selected group 
with clinically suspected obstruction solely on the lev¬ 
el of the soft palate, a success rate of 52.3% was found. 
For the most part, these data are based on short-term 
results. 

If one combines data from four studies [14, 16, 
24, 25] that use the success criteria of Sher et al. [33], 
this yields a long-term success rate of 49.5% for iso¬ 
lated UPPP including tonsillectomy in the treatment 
of OSA. This long-term success rate of approximate¬ 
ly 50% also corresponds to our own results for select¬ 
ed patients within the last 19 years; therefore, one can 
rightly assume a positive long-term effect of isolated 
UPPP, possibly in connection with a tonsillectomy. 

In accordance with these results, in a group of 400 
patients with SDB who had received a UPPP or a laser 
uvulopalatoplasty, no increase in mortality was found 
in comparison with a control group comprising 744 
persons [26]. These data may indicate a positive sur¬ 
vival effect of UPPP surgery. Keenan et al. [19] con¬ 
tacted their OSA patients treated with either UPPP 
(n=149) or nasal continuous positive airway pres¬ 
sure (n=126) over a 6-year period to compare long¬ 
term survival rates between these two treatment op¬ 
tions. There was no difference between the two treat¬ 
ment groups. Furthermore, UPPP for SDB turned out 
to improve the patients’ stimulated long-term driving 
performance [10] and decreased the number of car ac¬ 
cidents within a 5 year period after surgery [11], 
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Postoperative edema and respiratory depression en¬ 
hance the risk of reintubation or emergent tracheoto¬ 
my within the first few hours after surgery [4,17]. The 
incidence of lethal complications is given as 0.03-0.2% 
[3, 21], Serious cardiopulmonary complications oth¬ 
er than death occur in 1.5% of the cases [21], Among 
the early post-UPPP complications, transient velo¬ 
pharyngeal insufficiency, wound dehiscence, hemor¬ 
rhage and wound infection are described in order of 
frequency in the literature [18]. 

UPPP as described in this chapter has been per¬ 
formed in Ulm and Mannheim on more than 600 pa¬ 
tients with primary snoring and OSA. Although our 
patients experienced postoperative pain, especially 
during swallowing, we did not observe nasal regurgi¬ 
tation or hypernasal speech. 

Despite the use of interrupted double sutures, 
wound dehiscence in the region of the inferior tonsil¬ 
lar fossa mostly occurred within the first postopera¬ 
tive days. Therefore, in recent years, we stopped sew¬ 
ing the anterior and posterior pillars in the inferior 
tonsillar fossa and leave the wound to heal by second¬ 
ary intention. 

As with any tonsillectomy, postoperative bleeding 
during the healing phase is a possibility. In the authors 
series there is approximately 1% incidence in post- 
UPPP/T bleeding. Oral aphthous ulcers are rare since 
we have begun using antibiotics only perioperatively, 
or administering a virostatic in patients with a history 
of oral aphthous ulcers. Also, the fetid mouth odor ob¬ 
served on the third postoperative day, which is so typ¬ 
ical for tonsillectomy without a mucous membrane, is 
usually absent in our patients. 

Katsantonis [18] has classified the late-term complica¬ 
tions after UPPP in order of frequency as follows: 


Pharyngeal discomfort, dryness, tightness 

Postnasal secretion 

Dysphagia 

Inability of initiating swallowing 

Prolonged angina 

Taste disorders 

Speech disorders 

Numbness of tongue 

Permanent velopharyngeal insufficiency 

Nasopharyngeal stenosis 


None of our patients developed velopharyngeal in¬ 
sufficiency. For approximately 10% of our patients a 
follow-up nasal continuous positive airway pressure 
therapy was necessary because UPPP and T were 
not enough to cure OSA for the long term. In none 


of these cases was the ventilation therapy impaired 
by an oral air leakage. Furthermore, we did not ob¬ 
serve the problems with speech which are published 
as sequels of uvulectomy. Several patients who had re¬ 
ceived a tonsillectomy with UPPP reported of a posi¬ 
tive change in timbre and resonance of their voice. In 
addition, our patients did not experience an increased 
mucous production in the pharynx because the re¬ 
maining uvula stump with the undisturbed ciliated ep¬ 
ithelium of the nasal surface transports the nasal mu¬ 
cous into the hypopharynx. 

Nasopharyngeal stenosis is a dreaded complication, 
and is extremely difficult to correct. The following are 
considered as risk factors for the development of na¬ 
sopharyngeal stenosis: aggressive posterior pillar re¬ 
section, extension of surgery to the lateral pharynge¬ 
al walls, excessive mucosa destruction, electrocau¬ 
tery, postoperative wound infection and acromegaly 
[18]. As a result of lateralization of the upper posteri¬ 
or tonsillar pillar and forward relocation of the hori¬ 
zontal edge of the velum, no nasopharyngeal stenosis 
has been observed in our patients in connection with 
our UPPP procedure. 



- w 

The Ulm procedure of UPPP with T preserves all 
velar muscles and sacrifices only a minimum of 
velar mucosa. A less vibrating new velum with a 
shortened uvula has been created with a later- 
alized upper posterior pillar and the horizontal 
edge of the velum more in an anterior position. 
Together with the tonsillectomy an enlargement 
of the upper-airway caliber on the velopharyn¬ 
geal level is achieved. 


Acknowledgement 


The author thanks David Nagel from Immenstadt, 
Germany, for preparing Figs. 35.1-35.8. 


Referent 


1. Brosch S, Matthes C, Pirsig W, et al (2000) Uvulopalatopha¬ 
ryngoplasty changes fundamental frequency of the voice - a 
prospective study. J Laryngol Otol 114:113-118 

2. Burges LP, Derderian SS, Morin GV, et al (1992) Postopera¬ 
tive risk following uvulopalatopharyngoplasty for obstruc¬ 
tive sleep apnea. Otolaryngol Head Neck Surg 106:81-86 












330 


Wolfgang Pirsig 


35 


3. Carenfelt C, Haraldsson PO (1993) Frequency of complica¬ 
tions after uvulopalatopharyngoplasty. Lancet 341:437. 

4. Connolly LA (1991) Anesthetic management of obstructive 
sleep apnea patients. J Clin Anesth 3:461-469 

5. Dematteis M, Levy P, Pepin J-L (2005) A simple procedure 
for measuring pharyngeal sensitivity: a contribution to the 
diagnosis of sleep apnoea. Thorax 60:418-426 

6. Fairbanks DNF, Fujita S (eds) (1994) Snoring and Obstruc¬ 
tive Sleep Apnea, 2nd edn. Raven Press, New York, pp 136- 
MS 

7. Finkelstein Y, Talmi Y, Zohar Y (1988) Readaptation of the 
velopharyngeal valve following the uvulopalatopharyngo¬ 
plasty operation. Plast Reconstr Surg 82:20-27 

8. Friedman M, Tanyeri H, La Rosa M, et al (1999) Clini¬ 
cal predictors of obstructive sleep apnea. Laryngoscope 
109:1901-1907 

9. Fujita S, Conway W, Zorick F (1981) Surgical correction 
of anatomic abnormalities in obstructive sleep apnea syn¬ 
drome: uvulopalatopharyngoplasty. Otolaryngol Head 
Neck Surg 89:923-934 

10. Haraldsson PO, Carenfelt C, Persson HE, et al (1991) Simu¬ 
lated long-term driving performance before and after uvu¬ 
lopalatopharyngoplasty. ORL J Otorhinolaryngol Relat Spec 
53:106-110 

11. Haraldsson PO, Carenfelt C, Lysdahl M, et al (1995) Does 
uvulopalatopharyngoplasty inhibit automobile accidents? 
Laryngoscope 105:657-661 

12. Hormann K, Verse T (2005) Surgery for Sleep-Disordered 
Breathing. Springer, Berlin Heidelberg New York 

13. Hultcrantz E, Svanholm H (1991) Down syndrome and sleep 
apnea - A therapeutic challenge. Int J Pediatr Otorhinolar¬ 
yngol 21:263-268 

14. Hultcrantz E, Johansson K, Bengtson H (1999) The effect 
of uvulpalatopharyngoplasty without tonsillectomy us¬ 
ing local anaesthesia: a prospective long-term follow-up. J 
Laryngol Otol 113:542-547 

15. Ikematsu T (1964) Study of snoring. 4th report. Therapy (in 
Japanese). J Jpn Otol Rhinol Laryngol Soc 64:434-435 

16. Janson C, Gislason T, Bengtsson H, et al (1997) Long-term 
follow-up of patients with obstructive sleep apnea treated 
with uvulopalatopharyngoplasty. Arch Otolaryngol Head 
Neck Surg 123:257-262 

17. Johnson JT, Braun TW (1998) Preoperative, intraoperative, 
and postoperative management of patients with obstruc¬ 
tive sleep apnea syndrome. Otolaryngol Clin North Am 
31:1025-1030 

18. Katsantonis GP, Limitations, pitfalls, and risks management 
in uuvulopalatopharyngoplasty. In: Fairbanks DNF, Fujita S 
(eds) (1994) Snoring and Obstructive Sleep Apnea. 2nd edn. 
Raven Press, New York, pp 147-162 

19. Keenan SP, Burt H, Ryan CF, et al (1994) Long-term survival 
of patients with obstructive sleep apnea treated by uvulo¬ 
palatopharyngoplasty or nasal CPAP. Chest 105:155-159 


20. Kerschner JE, Lynch JB, Kleiner H, et al (2002) Uvulopalato¬ 
pharyngoplasty with tonsillectomy and adenoidectomy as a 
treatment for obstructive sleep apnea in neurologically im¬ 
paired children. Int J Pediatr Otorhinolaryngol 62:229-235 

21. Kezirian EJ, Weaver ME, Yueh B, et al (2004) Incidence of 
serious complications after uvulopalatopharyngoplasty. La¬ 
ryngoscope 114:450-453 

22. Kimoff RJ, Sforza E, Champagne V, et al (2001) Upper air¬ 
way sensation in snoring and obstructive sleep apnea. Am J 
Respir Crit Care Med 164:250-255 

23. Krishna S, Hughes LF, Lin SY (2003) Postoperative hem¬ 
orrhage with nonsteroidal anti-flammatory drug use after 
tonsillectomy. Arch Otolaryngol Head Neck Surg 129:1086- 
1089 

24. Larsson LH, Carlsson-Nordlander B, Svanborg E (1994) 
Four-year follow-up after uvulopalatopharyngoplasty in 50 
unselected patients with obstructive sleep apnea syndrome. 
Laryngoscope 104:1362-1368 

25. Lu SJ, Chang SY, Shiao GM (1995) Comparison between 
short-term and long-term post-operative evaluation of sleep 
apnea after uvulopalatopharyngoplasty. J Laryngol Otol 
109:308-312 

26. Lysdahl M, Haraldsson PO (2000) Long-term survival af¬ 
ter uvulopalatopharyngoplasty in nonobese heavy snorers: 
a 5- to 9-year follow-up of 400 consecutive patients. Arch 
Otolaryngol Head Neck Surg 126:1136-1140 

27. Naja MZ, El-Rajab M, Kabalan W, et al (2005) Pre-incision- 
al infiltration for pediatric tonsillectomy: A randomized 
double-blind clinical trial. Int J Pediatr Otorhinolaryngol 
69:1333-1341 

28. Pirsig W, Schafer J, Yildiz F, et al (1989) Uvulopalatopha¬ 
ryngoplasty without complications: a Fujita modification 
(in German). Laryngo-Rhino-Otol 68:585-590 

29. Pirsig W, Hormann K, Siegert R, et al (1999) ENT Medicine 
and Otolaryngology Guidelines of the German Society of 
Otorhinolaryngology - Head and Neck Surgery. Primary 
snoring, obstructive sleep apnea (OSA) and obstructive 
snoring/upper airway resistance syndrome (UARS) Sleep 
Breath 3:63-64 

30. Schafer J (1989) How can one recognize a velum snorer? (in 
German). Laryngo-Rhino-Otol 68:290-294 

31. Schwab RJ (2003) Pro: Sleep apnea is an anatomic disorder. 
Am J Respir Crit Care Med 168:270-273 

32. Sher AE (2002) Upper airway surgery for obstructive sleep 
apnea. Sleep Med Rev 6:195-212 

33. Sher AE, Schechtman KB, Piccirillo JF (1996) The efficacy 
of surgical modifications of the upper airway in adults with 
obstructive sleep apnea syndrome. Sleep 19:156-177 

34. Strohl KP (2003) Con: Sleep apnea is not an anatomic disor¬ 
der. Am J Respir Crit Care Med 168:271-273 

35. Verse T, Kroker B, Pirsig W, et al (2000) Tonsillectomy as a 
treatment of obstructive sleep apnea in adults with tonsillar 
hypertrophy. Laryngoscope 110:1556-1559 



Chapter 36 


Z-palatoplasty 

Michael Friedman, Paul Schalch 

36 


Core Messages 


■ Classic uvulopalatopharyngoplasty (UPPP) 
sometimes causes narrowing of the palatal 
arch, with an ensuing decrease in the size of 
the oropharyngeal inlet. 

■ Patients with previous tonsillectomy are poor 
candidates for classic UPPP, owing to scar¬ 
ring or absence of the posterior pillar. 

■ Appropriate selection criteria are mandatory 
in order to identify patients with higher like¬ 
lihood for cure using Z-palatoplasty (ZPP). 

■ The goal of ZPP is to widen the space be¬ 
tween the palate and the posterior pharynge¬ 
al wall and the tongue base, and to maintain 
or widen the lateral dimensions of the retro- 
palatal pharynx. 

■ The key elements are the removal of the ante¬ 
rior mucosa, the splitting of the soft palate in 
the midline, cutting the palatoglossus mus¬ 
cle, and the sewing of the posterior palatal 
mucosa to the anterior resection margin. 

■ The midline is retracted anterolaterally, 
which widens the retropharyngeal airway. 

■ ZPP is performed simultaneously with 
tongue-base radiofrequency reduction. 

■ There is always risk of temporary as well as 
permanent velopharyngeal insufficiency af¬ 
ter ZPP. 

■ This procedure should be reserved for pa¬ 
tients with moderate to severe obstructive 
sleep apnea-hypopnea syndrome, with sig¬ 
nificant symptoms. 
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Introduction 


Owing to its limited success in curing obstructive 
sleep apnea-hypopnea syndrome (OSAHS) [1], many 
adjunctive procedures and modifications were pro¬ 
posed after the introduction of the classic uvulopal¬ 
atopharyngoplasty (UPPP) by Fujita et al. [2] in 1981. 
However, its role as part of a comprehensive treat¬ 
ment plan remains solidly accepted in most situa¬ 
tions in which the palate, with or without the tonsils, 
is contributing to airway turbulence and obstruction. 
The goal of UPPP is to widen the airspace in three ar¬ 
eas: (1) the retropalatal space; (2) the space between 
the tongue base and the palate; and (3) the lateral di¬ 
mensions. This is accomplished through two compo¬ 
nents: (1) the palatoplasty component, which involves 
palatal shortening with closure of mucosal incisions; 
and (2) the pharyngoplasty component, which com¬ 
prises a classic tonsillectomy with pharyngeal clo¬ 
sure. These goals, however, are not always achieved 
with classic UPPP. In spite of our best efforts, patients 
may end up with an extremely narrow palatal arch, in 
which the diameter of the oropharyngeal inlet is de- 
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creased owing to a forward approximation of the pos¬ 
terior palatal mucosa. The resulting new shape of the 
free edge of the palate is triangular, rather than square 
(Fig. 36.1). Further contraction of the wound occurs 
owing to scarring secondary to the resection of the 
posterior tonsillar pillars, and additional narrowing is 
caused, which further affects long-term results [3], Ad¬ 
ditionally, patients who previously underwent tonsil¬ 
lectomy are poor candidates for classic UPPP, owing 
to scarring or absence of the posterior pillar from the 
previous tonsillectomy. These patients have an already 
narrowed space between the soft palate and the poste¬ 
rior pharyngeal wall, and often do not have any redun¬ 
dant pharyngeal folds. Important modifications of the 
classic UPPP proposed by Fairbanks, [4] in which the 
posterior pillar is advanced lateral cephalad in order to 
widen the retropalatal space, are, hence, not possible. It 
is well known that when UPPP fails, the severity of ob¬ 
struction may actually worsen [5], It became apparent 
that appropriate selection criteria needed to be imple¬ 
mented in order to identify patients with a higher like¬ 
lihood of cure after UPPP. A staging system introduced 
by Friedman et al. [6] determined that patients with 
anatomic stage I disease (Friedman tongue position, 
FTP, I and II), with large tonsils, have a better than 80% 
chance of success; whereas patients with stage II and 
III disease (FTP III and IV) are less than ideal candi¬ 
dates, and should therefore undergo a combined pro¬ 
cedure that addresses both the palate and the hypo- 
pharynx (Table 36.1). The Z-palatoplasty (ZPP) tech¬ 
nique was developed as a more aggressive technique for 
patients with stage II and III disease. This includes all 


Table 36.1. Friedman staging system based on Friedman 
tongue position, tonsil size, and body mass index (BMI). (Re¬ 
printed from Friedman et al. [6] copyright 2004 The American 
Laryngological, Rhinological and Otological Society) 


Modified Staging System for Patients with Obstructive 
Sleep Apnea/Hypopnea Syndrome 

S„g, 

Friedman Palate 

Position 

Tonsil Size 

BMI 

I 

1 

3,4 

<40 


2 

3,4 

<40 

II 

1,2 

1,2 

<40 


3,4 

3,4 

<40 

III 

3 

0,1,2 

<40 


4 

0,1,2 

<40 

IV 

1,2,3,4 

0,1,2, 3, 4 

>40 


All patients with significant craniofacial or other anatomic 
deformities. 


patients who have had previous tonsillectomy, as well 
as patients with small tonsils, and those with unfavor¬ 
able tongue positions. 


Tips and Pearls 

The goal of ZPP is to widen the space between 
the palate and the posterior pharyngeal wall, 
to widen the space between the palate and the 
tongue base, and to either maintain or widen 
the lateral dimensions of the pharynx 



Fig. 36.1. After traditional uvulopalatopharyngoplasty, an 
anteromedially directed pull eventually causes narrowing of 
the retropalatal airspace in the lateral dimension. (Reprinted 
from Friedman et al. [7] copyright 2004, with permission from 
the American Academy of Otolaryngology - Head and Neck 
Surgery Foundation) 



Fig. 36.2. After Z-palatoplasty, the anterolateral direction of 
pull on the soft palate widens the retropalatal space. (Reprint¬ 
ed from Friedman et al. [7] copyright 2004, with permission 
from the American Academy of Otolaryngology - Head and 
Neck Surgery Foundation) 
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This is accomplished by changing the scar contracture 
tension line to an anterolateral vector, and by widen¬ 
ing the anteroposterior and lateral oropharyngeal air 
spaces at the level of the palate. By splitting the soft 
palate and retracting it anterolaterally, an effective 
anterolateral pull is created, which actually continues 
to widen the airway as healing and contracture occur 
(Fig. 36.2). None of the palatal musculature is resect¬ 
ed, in spite of the aggressive palatal shortening, there¬ 
by addressing and minimizing the risk for permanent 
velopharyngeal insufficiency (VPI). This procedure is 
performed with adjunctive tongue-base reduction by 
radiofrequency (TBRF), which addresses the hypo- 
pharyngeal airway. 


Tips and Pearls 

ZPP widens the retropalatal space by creating 
an anterolateral pull after splitting the soft pal¬ 
ate. 

No palatal musculature is resected; the resec¬ 
tion is limited to the anterior mucosa. 

The pharyngeal airway continues to widen as 
healing and contracture occur. 


Patient Selection 

and Preoperative Evaluation 


General guidelines for surgical intervention include 
significant symptoms of snoring and daytime somno¬ 
lence; documented failure in continuous positive air¬ 
way pressure (CPAP) trials; and documented failure 
of conservative measures, such as dental appliances, 
changes in sleeping position, and sleep hygiene in gen¬ 
eral. Apparent obstruction at the level of the soft pal¬ 
ate must be determined by fiberoptic nasopharyngo- 
laryngoscopy, and Muller maneuver or sleep endosco¬ 
py. Adequate medical clearance and a thorough review 
with the patient of the procedure, its implications, and 
potential outcomes and complications are essential 
components of the preoperative workup. 

Specific criteria for ZPP include patients classi¬ 
fied as stage II or III, according to Friedman’s ana¬ 
tomic staging system (Table 36.1). ZPP is an aggres¬ 
sive procedure because it produces a significant wid¬ 
ening of the retropalatal space, and it is associated 
with significant temporary VPI and the risk for per¬ 
manent VPI. It should be reserved for patients with 
moderate to severe OSAHS, with moderate to se¬ 
vere symptoms. It is not a surgical option for snor¬ 
ing alone. Additionally, Friedman described a tech¬ 
nique for revision in patients who previously under¬ 
went UPPP and subsequently failed. This technique 
involves principles similar to ZPP; taking into ac¬ 
count the modified, postoperative anatomy of the 
pharyngeal airway [2]. 


Tips and Pearls 

UPPP may result in persistent or worsening ret¬ 
ropalatal obstruction or nasopharyngeal steno 
sis that may worsen OSAHS. 

■ Appropriate patient selection using Friedman’s 
anatomic staging system significantly im¬ 
proves outcomes. 

Patients need to be informed of the risk of 
temporary and permanent VPI before under¬ 
going the procedure. 

■ All patients with FTP III or IV have obstruc¬ 
tion at the retrolingual airway, in addition to 
any retropalatal obstruction. This area must be 
treated as well. 


Indications/Contraindication; 


ZPP is indicated in; 


Patients with significant symptoms of snoring 
and daytime somnolenc 
Documented failure of CPAP trials. 
Documented failure of conservative measures 
Patients appropriately selected based on FTP 
and tonsil size, as detailed in the “Patient Se¬ 
lection and Preoperative Evaluation” section 


ZPP should not be performed 


In patients with snoring but no documented 
OSAHS 

In patients with Friedman stage I disease, who 
do well with classic UPPP 
In patients classified as Friedman stage IV, 
based on a body mass index above 40, or sig¬ 
nificant craniofacial abnormalities 
In patients unwilling to accept the risk of VPI, 
and postoperative symptoms 


Surgical Technique 


The procedure is demonstrated in Video 36.1. 

Candidates eligible to undergo a modified UPPP 
technique can be divided into patients with intact 
tonsils and patients after tonsillectomy. 

The key points of ZPP are the removal of the ante¬ 
rior mucosa only and the splitting of the soft palate in 
the midline, cutting the palatoglossus muscle, and the 
sewing of the posterior palatal mucosa to the anterior 
resection margin, which retracts the midline antero¬ 
laterally and widens the retropharyngeal area. 
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Fig. 36.3. Outline of the palatal flaps, marked before inci¬ 
sion. (Reprinted from Friedman et al. [7] copyright 2004, with 
permission from the American Academy of Otolaryngology 
- Head and Neck Surgery Foundation) 



Fig. 36.4. The mucosa over the palatal flap is removed and the 
palatal musculature is exposed. (Reprinted from Friedman et al. 
[7] copyright 2004, with permission from the American Acad¬ 
emy of Otolaryngology - Head and Neck Surgery Foundation) 


The surgical technique for the modified ZPP is illustrat¬ 
ed in Figs. 36.3-36.10. 

Two adjacent flaps are outlined in the palate (Fig. 
36.3). The anterior midline margin of the flap is half¬ 
way between the hard palate and the free edge of the 
soft palate, and the distal margin corresponds to the 
free edge of the palate and uvula. The lateral extent is 
posterior to the midline, and extends to the lateral edge 
of the palate. The mucosa from only the anterior aspect 
of the two flaps is subsequently removed (Fig. 36.4). 
Figure 36.5 illustrates how the preoperative uvula and 



Fig. 36.5. Lateral view of the soft palate and uvula after exci¬ 
sion of the anterior mucosa. The uvula and palate hang close 
to the posterior pharyngeal wall, narrowing the retropharyn¬ 
geal space. (Reprinted from Friedman et al. [7] copyright 2004, 
with permission from the American Academy of Otolaryngol¬ 
ogy - Head and Neck Surgery Foundation) 


palate hang close to the posterior pharyngeal wall, nar¬ 
rowing the retropharyngeal space. The two flaps are 
then separated from each other by splitting the palatal 
segment down the midline (Fig. 36.6), extending them 
laterally in a butterfly fashion (Fig. 36.7), and dividing 
the palatoglossus muscle. A two-layer closure is then 
performed, which brings the midline all the way to the 
anterolateral margin of the palate (Figs. 36.8,36.9). The 
primary closure is performed at the submucosal level, 
which enables a tension-free closure of the mucosa. A 
distance of at least 3-4 cm between the posterior phar¬ 
ynx and the palate is created [7], Figure 36.10 illustrates 
the widening of the nasopharynx after the midline pal¬ 
atoplasty. The lateral dimension of the palate is usually 
increased to approximately 4 cm. 

TBRF is adjunctively performed in all patients, by 
administering 3,000 J (rapid lesion technique by Gy¬ 
rus™, Gyrus ENT, Memphis, TN, USA), which is dis¬ 
tributed to ten points along the midline of the tongue 
behind the circumvallated papillae. This initial treat¬ 
ment is followed by monthly sessions, as needed. The 
addition of TBRF has shown significantly better sub- 
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Fig. 36.6. The uvula and palate are split in the midline with a 
cold knife. (Reprinted from Friedman et al. [7] copyright 2004, 
with permission from the American Academy of Otolaryngol¬ 
ogy - Head and Neck Surgery Foundation) 



Fig. 36.7. The uvular flaps, along with the soft palate, are re¬ 
flected posteriorly and laterally over the soft palate. (Reprinted 
from Friedman et al. [7] copyright 2004, with permission from 
the American Academy of Otolaryngology - Head and Neck 
Surgery Foundation) 


jective and objective improvement in stage II and III 
patients undergoing UPPP, when compared with pa¬ 
tients who undergo UPPP only [9]. 


Postoperative Management 
and Complications 


As with any intervention that involves resection of the 
soft palate, significant morbidity is observed in the first 



Fig. 36.8. Two-layered closure of the palatal flaps. The sub¬ 
mucosal layer is approximated first with 2-0 Vicryl™ (Ethicon,, 
Somerville, NJ, USA). (Reprinted from Friedman et al. [7] 
copyright 2004, with permission from the American Academy 
of Otolaryngology - Head and Neck Surgery Foundation) 


Table 36.2. Comparison of complications between Z-palato- 
plasty (ZPP) and classic uvulopalatopharyngoplasty (UPPP), 
based on a series of 25 matched patients who underwent each 
procedure. (Modified from Friedman et al. [7]) 



ZPP (n=25) 

UPPP (n=25) 1 

Tongue-base 

infection 

1 (4%) 

2(8%) 

Bleeding 

0 

0 

Postnasal drip 

3 (12%) 

4 (16%) 

Dysphagia 

1(4%) 

11 (44%)* 

Foreign body 
sensation 

11 (44%) 

17 (68%) 

Temporary VPI 

12 (48%) 

7 (28%) 

Permanent VPI 

0 

0 


VPI velopharyngeal insufficiency 
*p<0.001 


24-72 h postoperatively, in the form of significant pain 
and dysphagia. The ability of the patient to tolerate at 
least a liquid diet, oral pain medications, antibiotics, 
and steroids determines the moment when the patient 
can be safely discharged. While discharge could in the¬ 
ory be on the same day as the surgery, most patients 
will need 1 or 2 days of intravenous fluids and medi¬ 
cations before they can start an oral diet. Prior to dis¬ 
charge, patients are prescribed acetaminophen with 
codeine elixir, as needed for pain. Pain medication re¬ 
quirements average 6.5 days; the same goes for the pro- 
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Fig. 36.9. Two-layered closure of the palatal flaps with 3-0 
chromic suture. (Reprinted from Friedman et al. [7] copyright 
2004, with permission from the American Academy of Otolar¬ 
yngology - Head and Neck Surgery Foundation) 



Fig. 36.10. Lateral view showing the widening of the naso¬ 
pharynx after Z-palatoplasty. (Reprinted from Friedman et 
al. [7] copyright 2004, with permission from the American 
Academy of Otolaryngology - Head and Neck Surgery Foun¬ 
dation) 


gression from liquid or soft diet, to regular diet. Post¬ 
operative antibiotics and steroids are also recommend¬ 
ed, for a total of 7 days. Additional TBRF sessions may 
be necessary, depending on the improvement of symp¬ 
toms in each individual patient. 

Complications of the procedure are comparable to 
those of classic UPPP (Table 36.2). Bleeding is always a 
potential complication, and the risk is again compara¬ 
ble to that of classic UPPP. Typically, patients can eat a 
regular diet after 2 weeks. Mild VPI may manifest when 
drinking quickly, and may persist for up to 3 months. 
After 3 months, patients have normal deglutition. The 
severity of VPI symptoms diminishes with time, and is 
expected to progressively resolve. Permanent VPI is a 
potential complication that must be considered by ev¬ 
ery patient. Additional morbidity of the procedure is 
usually related to throat discomfort symptoms, includ¬ 
ing globus sensation, mild dysphagia, dry throat, and 
the inability to clear the throat. These symptoms are al¬ 
most universal after any form of UPPP. 

Other complications are related to the adjunctive 
procedures performed. Tongue-base infection is re¬ 
lated to TBRF and requires antibiotic treatment. In 
rare cases, it may lead to tongue-base abscess forma¬ 
tion, which may require incision and drainage. 


Outcomes: Subjective 

and Objective Symptom Elimination 


Subjective success is based on comparative improve¬ 
ment in snoring level, daytime sleepiness, and over¬ 
all well-being. Patients who underwent ZPP were 
compared with patients who had previously under¬ 
gone UPPP for the treatment of OSAHS. The results 
achieved were far superior with ZPP, particularly with 
adjunctive TBRF. Quality-of-life scores improved sig¬ 
nificantly more often after ZPP than after UPPP [4], 
When focusing on objective success, ZPP showed 
considerable improvement over UPPP. Objective cure 
rates for stage II patients treated with ZPP and TBRF 
were close to 70%, compared with about 30% for clas¬ 
sic UPPP with TBRF. 

Limitations of this technique include a higher risk 
of temporary VPI, owing to a more aggressive mod¬ 
ification of the palatal anatomy even though the re¬ 
section is limited to the mucosa. While VPI is usu¬ 
ally temporary, should permanent VPI ensue, ZPP is 
probably not reversible. There are also no clear ana¬ 
tomic landmarks to assist in describing the size of the 
flaps, and ultimately the guidelines outlined in this 
chapter do not substitute for the surgeons judgment. 
The procedure is significantly more difficult techni¬ 
cally, and it takes longer to perform. A learning curve, 
as with any other procedure, leads to progressively 
better results. 
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The treatment, like any other, may fail. Failure 
can be defined as a persistence of symptoms, which 
demands additional treatment. Failure also occurs 
when symptoms of snoring and daytime sleepiness 
are eliminated, but polysomnography scores still in¬ 
dicate persistent disease. Typically, patients who fail 
will show a pattern of elimination of apneas, with 
persistent hypopneas. Failure in achieving satisfacto¬ 
ry results may in some cases convince the patient to 
accept CPAP therapy. When CPAP is not accepted by 
the patient, further evaluation and treatment are es¬ 
sential. The first step should be a thorough investiga¬ 
tion in order to identify the site of failure. Sleep endos¬ 
copy evaluation may be a valuable test at this point. If 
the level of obstruction continues to be retropalatal, 
a transpalatal advancement pharyngoplasty can be 
considered [10]. If the persistence of obstruction is at 
the tongue base or hypopharyngeal level, genioglos- 
sus advancement alone or in combination with thyro¬ 
hyoid suspension could be an option [11], Bimaxillary 
advancement should be kept in mind as a second-line 
procedure as well, if the above interventions fail. This 
procedure will correct failures both at the retropala¬ 
tal and the retrolingual levels [12], 


Conclusion 


-▼ 

No single procedure is effective in treating all 
OSAHS patients. Treatment should be tailored to 
the anatomy of each patient. Rerouting the uvu¬ 
la together with the soft palate laterally improves 
airway characteristics by enlarging the retropala¬ 
tal space, which is a distinct advantage over tradi¬ 
tional UPPP. This acquires even more importance 
when addressing the obstruction at the level of 
the palate in patients without tonsils. 
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Core Messages 


Palatal advancement pharyngoplasty is a 
segmental pharyngeal procedure indicated 
to structurally enlarge the retropalatal and 
retromaxillary airway in patients with ob¬ 
structive sleep apnea syndrome. 

The procedure enlarges the proximal pha¬ 
ryngeal isthmus, which is inaccessible by 
other techniques other than maxillary ad¬ 
vancement. 

Advancement may be performed in patients 
with uvulopalatopharyngoplasty failures 
who have adequate swallow, sufficient pala¬ 
tal length, and normal lateral wall movement 
with swallow. 

The procedure enlarges the retropalatal air¬ 
way at the expense of narrowing the oropal- 
atal airway and often requires treatment of 
tongue base associated airway. 

The procedure may be performed primarily 
with or without combined conservative dis¬ 
tal pharyngoplasty procedures. 

Clinical success is dependent on treating all 
areas of upper-airway obstruction, including 
the epipharynx, oropharynx, and hypophar- 
ynx. 

Technical success is dependent on adequate 
mobilization and closure of the soft palate. 
The tensor aponeurosis and fascia is released 
to advance the palate and incorporates the 
closure of the tensor aponeurosis to prevent 
a fistula. 
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Introduction 


The purpose of segmental pharyngeal procedures 
to treat obstructive sleep apnea syndrome is to in¬ 
crease airway size and decrease collapsibility. Proce¬ 
dures also reduce total airway resistance and sites of 
flow limitation and choke point during sleep. Surgi¬ 
cally the challenge is to improve ventilatory structure 
while maintaining other normal functions of speech 
and swallowing. Palatal advancement pharyngoplas¬ 
ty is a method of enlarging the retromaxillary and 
retropalatal airspace by removing a posterior portion 
of midline hard palate (maxilla and palatine bone) 
and advancing the soft palate anteriorly into the de¬ 
fect. Conceptually this has similarities to maxillary 
advancement, but does not require altering or mov¬ 
ing dentition (Fig. 37.1). 
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Fig. 37.1. A Midsaggital depiction of the palate and lateral 
walls demonstrating palatal advancement. An osteotomy is 
created at the posterior palate. Bone is removed proximally 
(i crosshatched ). Drill holes are placed anterior to bone removal 
and leaving a strong rim of bone to support sutures. The pala¬ 
tal flap that is advanced is thicker than the original mucosa 
(i asterisk ). Flap mucosa is preserved to cover the thicker flap. 
Some fibroadipose tissue may also be carefully trimmed to 
reduce the thickness of the soft-tissue flap. B Following bone 
removal, sutures are placed submucosally through the drill 
holes around the bony osteotomy fragment and the soft palate 
is advanced 


The pharyngeal isthmus is the narrowest and most 
compliant portion of the upper airway and is the most 
common segment of obstruction in the obstructive 
sleep apnea sydnrome [1], Although tongue-base nar¬ 
rowing and collapse has been blamed for failure pal¬ 
atal procedures such as uvulopalatopharyngoplas- 
ty (UPPP), objective airway evaluation after surgery 
demonstrates that persistent retropalatal collapse oc¬ 
curs in many surgical failures [2], Persistent obstruc¬ 
tion is common and occurs in the retropalatal airway 
proximal to the site of prior palatopharyngoplasty. 
This collapse has been associated with inadequate in¬ 
creases in airway size [3], 

Proximal collapse may be primary or secondary. 
Primary narrowing of the pharyngeal isthmus may 
result from posterior maxillary constriction and a 
narrow pharyngeal isthumus occurs during facial 
growth and development. Narrowing is suggested 
by maxillary retrusion, an Angle class III occlusion, 
a narrow facial depth, and a high arched palate. The 
airway shape when observed endoscopically is often 
narrow in an anterior to posterior direction. Second¬ 
ly, narrowing may be secondary to hypertrophy of 
muscle, soft tissue, obesity, or trauma (surgery). Lat¬ 


eral pharyngeal wall hypertrophy and collapse may 
be observed with some secondary causes. Scar from 
prior surgery may narrow the velopharyngeal inslet. 
In 1990, Woodson and Toohill described a technique 
of removing midline bone of the palate and advanc¬ 
ing the soft palate into the defect. This procedure ad¬ 
vanced the palate medially and was combined with 
mucosal advancement flaps along the lateral border 
of the soft palate to improve the lateral airway. Signifi¬ 
cant improvement was seen in some patients who had 
failed prior UPPP and subsequent studies demon- 
trated marked improvements in airway size and col- 
lapsibility after the procedure. The initial method to 
mobilize the soft palate was to fracture the hamulus. 
Unfortunately in some patients this resulted in oti¬ 
tis media with effusion. Subsequently the procedure 
was modified to mobilize the soft palate by incising 
the tensor aponeurosis and leaving the hamulus in¬ 
tact. Better mobilization resulted in improved airway 
size and reduced lateral pharyngeal wall collapse but 
also an increased oropalatal fistula rate. Subsequently 
it was appreciated that this dehiscence resulted part¬ 
ly from failure to adequately close the palatine apo¬ 
neurosis, which was exposed to the repeated forces of 
swallowing (and particularly gag). Although anterior¬ 
ly anchored strongly to bone, sutures were anchored 
only to soft fibroadipose tissues of the palate, which in 
some cases was inadequate. To address this, the pro¬ 
cedure was modified so that separation of the hard 
palate and the soft palate was not done at the junc¬ 
tion of bone and soft tissues, but a small osteotomy 
was performed just anterior to the junction. This left a 
small osteotomized rim of bone strongly attached via 
periosteal ligaments and tendons to the soft palate to 
prevent soft-tissue seperation and sutures from tear¬ 
ing through the tissues. Additionally, better under¬ 
standing of palatal anatomy and the position of the 
fibrous tendon (Fig. 37.2) improved in the lateral clo¬ 
sure to allow precise identification and suturing of the 
tensor aponeurosis. Combined, these reduce the op¬ 
portunities for an oronasal fistula. 

Palatal advancement enlarges the pharyngeal isth¬ 
mus. It potentially narrows the oropalatal airway. For 
this reason most patients require tongue-base treat¬ 
ment (i.e., glossectomy, tissue oblation, genioglossus 
advancement, or tongue suspension). 


Tips and Pearls 

The advantages of the palatal advancement proce¬ 
dure include: 

Theproximal retropalatal airway is enlarged. 

L Muscle function is maintained with reduced 
requirements for soft-tissue excision of the 
distal palate. 

There is no alteration or movement of maxil¬ 
lary dentition. 
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There is less pain than with traditional tonsil¬ 
lectomy, UPPP. 

It may be added to other pharyngeal proce¬ 
dures and pharyngoplasty. 

The methods and technique of closure are 
important. 


Indications and Patient Selection 


Surgery for obstructive sleep apnea syndrome is indi¬ 
cated following failure, ineffectiveness, or noncompli¬ 
ance of more conservative treatments for obstructive 
sleep apnea syndrome. Patients should have an under¬ 
standing of available reconstructive procedures and 
likely outcomes and that multiple surgical steps may be 
required. Surgical candidates should have undergone 
an appropriate sleep evaluation and objective testing to 
address associated sleep and medical problems. 

Palatal advancement is indicated when narrowing 
of the proximal pharyngeal isthmus (retropalatal air¬ 
way) is present. The most common method of identi¬ 
fying this narrowing is during sitting and supine en¬ 
doscopic evaluation (Video 37.1). Although narrowing 
may be identified by an experienced examiner, identi¬ 
fication of persistent narrowing may only be appreci¬ 
ated following failed UPPP. It is the author’s bias that 
the best candidates for palatal advancement are those 


with a pattern of narrowing primarily in an anterior 
to posterior dimension. Although the procedure en¬ 
larges the lateral wall, those patients with marked lat¬ 
eral wall hypertrophy and collapse may not be ideal 
candidates for limited pharyngeal procedures of any 
type. Although obesity is not an absolute contraindi¬ 
cation, morbidly obese patients with severe obstruc¬ 
tive sleep apnea syndrome who have been recalcitrant 
to weight loss should be considered for possible bi¬ 
maxillary advancement, bariatric surgery, or trache¬ 
otomy. Surgeons who perform palatal advancement 
techniques should be aware that the potential exists 
following the procedure for a reduction in blood flow 
to the maxilla caused by disruption of soft-tissue at¬ 
tachments to the maxilla. Such a loss may potential¬ 
ly reduce blood flow to the maxilla. Normally, this 
would be of no significance; however, in cases of com¬ 
plicated maxillary surgery with bilateral disruption 
of greater palatine arteries, maxillary necrosis could 
theoretically be augmented. For this reason, individ¬ 
uals at high likelihood of requiring maxillofacial sur¬ 
gery should have this procedure prior to palatal ad¬ 
vancement if possible. 


Preoperative Evaluation 


As part of the preoperative evaluation the surgeon 
should do the following. 
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Polysomnography is appropriate in patients with 
sleep-disordered breathing, including mild to moder¬ 
ate or severe obstructive sleep apnea syndrome under¬ 
going airway reconstruction. Since successful clinical 
outcomes of surgery cannot be guaranteed, maximal 
attempts at more conservative treatments are appro¬ 
priate. Additionally, the sleep study provides informa¬ 
tion on the severity of disease and the nadir of oxy¬ 
gen desaturation and helps to identify those who war¬ 
rant postoperative care and observation. Individuals 
at higher general surgical risk also include those with 
severe obesity, severe sleepiness, difficult intubation, 
or severe pharyngeal tissue redundancy. Individuals 
with preexisting speech or swallowing disorder should 
be identified and warned that pharyngeal surgery may 
worsen symptoms or problems with dysphagia, muco¬ 
ciliary function, mouth dryness, and aspiration. 

Cephalometric upper-airway evaluation is option¬ 
al. No specific measures are available that select sur¬ 
gical patients for this procedure. The main method of 
evaluation is endoscopy. Endoscopy is performed in a 
sitting and supine body position. Size, shape, areas of 
collapse, and pharyngeal swallow are evaluated. Dur¬ 
ing endoscopy when the nasopharynx is visualized, 
close attention is focused on the size of the proximal 
pharyngeal isthmus. Narrowing of the airway prox¬ 
imal to any level of palatal excision with traditional 
palatopharyngoplasty should be noted. The position 
of the levator muscle in the soft palate and the size 
of the associated airway should be assessed. The le¬ 
vator muscle can be identified by visualizing the to¬ 
rus tubarius. The position of the anterior fold is the 
torus levatorious, with the posterior fold the salpin- 
gopharyngeus muscle. A more posteriorly placed le¬ 
vator muscle in close approximation to the posteri¬ 
or pharyngeal wall cannot be addressed by tradition¬ 
al palatopharyngoplasty without aggressive excision 
of the levator muscle. During endoscopy, swallow is 
performed and lateral wall motion assessed. Finally, 
the oral cavity and oropalatal airway is assessed. An 
oropalatal airway that allows oral ventilation with¬ 
out deformation of the tongue may not require treat¬ 
ment. Evidence of oropalatal collapse manifested by 
“tongue grooving” or a midline deformation of the 
posterior tongue indicates relative macroglossia and 
the need for treatment of this segment. 


Indications and Contraindications 
for Palatal Advancement Pharyngoplasty 


Indications are: 


The patient understands available medical, re¬ 
constructive, and other therapeutic options. 


Retropalatal narrowing proximal to the free 
margin of the soft palate. 

Retropalatal narrowing following failed UPPR 
Approach to benign midline nasopharyngeal 
masses (with or without sleep apnea). 

Choanal narrowing. 

Combined with other procedures to enlarge 
the retropalatal airway for cases of nasopha¬ 
ryngeal stenosis. 


Contraindications are: 


Partial or complete cleft palate 
Large torus palatinus (requires removal first) 
Maxillary advancement surgery (relative) 
Impaired palatal blood flow such as with ra¬ 
diation therapy or severe palatal scarring 
Impaired swallow 
Velopharyngeal insufficiency 
Obligate mouth breather (may worsen oral 
ventilation) 

Surgeon has inadequate resources to address 
an oronasal fistula 


Surgical Technique 


The procedure is demonstrated in Video 37.2 

Palatal advancement pharyngoplasty is an evolv¬ 
ing technique that advances the soft palate forward to 
enlarge the pharyngeal isthmus. The procedure may 
be divided conceptually into steps including (1) inci¬ 
sion, (2) flap elevation, (3) palatal osteotomy, (3) ten- 
dinolysis, (4) palate advancement, (5) wound closure, 
and if needed (6) distal palatopharyngoplasty or ton- 
silectomy. 

The procedure is performed under general an¬ 
esthesia delivered oroendotracheally. Patients are 
placed supine in the Rose position, and operative ex¬ 
posure is obtained with a Dingman mouth gag (Pill¬ 
ing Instrument Co., Philadelphia, PA, USA). The 
Dingman mouth gag facilitates handling of multi¬ 
ple sutures during closure. All patients are adminis¬ 
tered perioperative antibiotics (1-2 g cephazolin and 
500 mg metronidazole) and 10 mg dexamethasone. 
For homeostasis, 1% lidocaine with 1:100,000 epi¬ 
nephrine is infiltrated into the greater palatine fora¬ 
men and the incision sites prior to the procedure. In¬ 
jection includes the junction of the hard palate and 
and soft palate, the tissues over the hamulus and lat¬ 
eral soft palate, and the line of incision of the muco¬ 
sal flap over the hard palate. Oxymetazoline-soaked 
pledgets are placed along the floor of the nose to re¬ 
duce bleeding from the nasal mucosa when placing 
drill holes and sutures. 
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Fig. 37.3. Procedure of transpalatal advancement pharyn¬ 
goplasty. A The fl-shaped incision is outlined medial to the 
greater palatine foramen and flared laterally over the hamulus. 
B Lateral flaps are elevated {arrows). C The tip of the midline 
flap is planned to be 5 mm anterior to bone removal (dotted 


Incision, Flap Elevation, and Mobilization 

A palatal incision is outlined beginning at the central 
hard palate posterior to the alveolus (Fig. 37.3a). The 
tip should extend 5-10 mm anterior to the planned os¬ 
teotomy. The incision is outlined immediately medi¬ 
al to the greater palatine foramen. At the junction of 
the hard palate and the soft palate, it is flaired lateral¬ 
ly over the hamulus. This results in a curvilinear “Q- 
arch” appearance. Anteriorly, a midline vertical inci¬ 
sion is extended up the midline of the hard palate (“T” 
incision). The mucosa lateral to the “T” incision is el¬ 
evated providing greater exposure to the hard palate 
(Fig. 37.2b). This reduces the need for a longer midline 
flap and reduces risk of tip necrosis. The midline mu- 
coperiosteal flap is elevated back to the junction of the 
hard palate and the soft palate (Fig 37.3c). During el¬ 
evation, the central mucosa is usually thin and care 
must be taken to avoid tearing it. Laterally, the flap is 
thicker and the fibroadipose tissue is bluntly dissect¬ 
ed to avoid damage to the greater palatine vessels (a 
small mastoid currette with both a curved blunt sur¬ 
face and a sharp edge works well). Posteriorly, lesser 
palatine vessels and nerves may be transected. Eleva¬ 
tion of the flap beyond the border of the soft palate and 
the hard palate to expose of the soft palate is not neces¬ 
sary. Care must be taken not to dissect the tendon and 
periosteal attachments of the soft palate from the pos¬ 
terior edge of the hard palate. Flap elevation must re¬ 
main superficial to the tensor aponeurosis. 


line). The midline flap is elevated just to the junction of the 
hard palate and the soft palate. Care is taken to not separate 
the tendon attachments to the hard palate. Elevation is exag¬ 
gerated in the figure to depict anatomy 


Several methods of division of the soft palate and 
the hard palate have been described. Initially, electro¬ 
cautery separated the soft and hard palates at the the 
posterior junction of the hard palate and exposed the 
nasopharynx. Sutures in fibroadipose tissue, howev¬ 
er, were inadequate to support closure when the dis¬ 
traction forces applied to the palate with speech and 
swallowing are applied. An oronasal fistula was noted 
in 10% or more of patients. To address this an “oste¬ 
otomy technique” was developed. Although this tech¬ 
nique created more work in seperating the hard and 
soft palates, it significantly decreased the work re¬ 
quired to close the wound using multiple difficult fig¬ 
ure - of- eight soft-tissue sutures. 

The current technique separates the hard and soft 
palates using a distal transverse osteotomy of the pos¬ 
terior hard palate. With this, the tensor apponeurosis 
remaines solidly attatched to bone and oronasal fis¬ 
tulas are significantly reduced. A 1-2-mm margin of 
posterior hard palate bone is left attached to the soft 
palate (Fig. 37.4a). The osteotomized segment is then 
released by cutting it from the palate and alveolus as 
far laterally as possible and by cutting the attatched 
posterior septum. The septal cut may be done with a 
smalll rotary burr, a small saggital saw, or heavy sis- 
sors. 

After the distal osteotomy has been performed, a 
posterior 0.5-1.0-cm margin of the hard palate (pal¬ 
atine bone) is removed to provide space to move 
the soft palate anteriorly. Bone removal may be per¬ 
formed with either a small angled sagittal saw or a ro- 








344 


B. Tucker Woodson 



Fig. 37.4. Procedure of transpalatal advancement pharyn- 
goplasty (continued). A A posterior osteotomy is performed 
leaving a 1-2-mm rim of bone. Nasal mucosa is preserved 
at this point ( crosshatched ). Proximal drill holes are placed. 
B The soft palate and the hard palate are separated exposing 
the nasopharynx. The osteotomy is separated from the posteri¬ 
or nasal septum (larger black arrow) and lateral tendinolysis is 


performed (white arrow). A solid rim of bone remains between 
the osteotomies and palatal drill holes C Sutures are placed 
through palatal drill holes and around the palatal osteotomy. 
Sutures are placed into the tensor aponeurosis laterally. Pos¬ 
terior traction is used to advance the flap and sutures are tied 
D Mucosa is approximated with multiple interrupted sutures 
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tary drill. Mucosa of the floor of the nose is initially 
preserved if possible. 

Leaving the nasal mucosa intact allows for easier 
backwards elevation of the nasal mucosa off the floor 
of the nose. This elevation allows for the transpala¬ 
tal sutures to remain submucosal. If they are not sub¬ 
mucosal, there is a small risk of nasal granuloma in 
the postoperative period. Palatal drill holes are placed 
at 45° to the palate, extending from the oral surface 
of the palate into the nasal cavity (see also Fig. 37.1). 
A strong segment of bone must be left between these 
drill holes and the excised bony margin. 


Tendonolysis 

In the first reports of the procedure, mobilization of 
the soft palate was done by fracturing the hamulus 
in order to release stress on the tensor tendon. The 
occasional complication of serous otitis media with 
effusion was observed and new techniques were de¬ 
veloped. The hamulus is now left undisturbed, and 
mobilization is achieved by bilaterally cutting and 
freeing the tensor tendon just medial to the hamu¬ 
lus. Complete incision of the tensor tendon medial to 
the hamulus markedly increased the amount of pal¬ 
ate advancement achieved. The current technique in¬ 
cises the tensor tendon as well as the facial bands of 
the anterior belly of the levator palatini muscle (Fig. 
37.4b). This provided almost unlimited potential for 
advancement. Tendonolysis is performed by first cut¬ 
ting the nasal mucosa (with electrocautery) proximal 
to the osteotomy. Additionally, nasal mucosa later¬ 
al to the osteotomy needs to be released. The naso¬ 
pharynx is now visualized. Visualizing the nasophar¬ 
ynx is important to identify the lateral nasopharyn¬ 


geal walls and avoid dissection into the lateral wall 
of the nasopharynx. Although, tendonolysis was ini¬ 
tially, approached from the ventral surface of the pal¬ 
ate, it is now approached from the dorsal (nasopha¬ 
ryngeal) surface. With blunt, sharp, or judicious elec¬ 
trocautery dissection, the tensor tendon is identified 
and cut. 


Advancement 

A free needle is then used to pass suture (braided, 
long duration) through the drill holes into the naso¬ 
pharynx. Sutures are now placed in a simple fashion 
from the nasopharyngeal side around the osteotomy 
into the tensor tendon and out the oral cavity. Addi¬ 
tional absorbable sutures are placed in the lateral ten¬ 
don to reapproximate the tensor tendon to the later¬ 
al walls and the tissues around the hamulus. Identify¬ 
ing and placing accurate sutures in the aponeurosis is 
important (Fig. 37.2). Sutures are tied while an assis¬ 
tant pulls the palate forward with a curved retractor 
or blunt-tipped Jankar suction (Fig. 37.4c). 


Closure 

Excess or redundant tissue of the palate is present af¬ 
ter advancement. Mucosa is preserved since the pos¬ 
terior flap is thicker than the original hard-palate mu¬ 
cosa and extra mucosa is needed to cover and broach 
this difference. Fibroadipose tissue may be trimmed 
as required. The anterior flap is closed with interrupt¬ 
ed long-lasting absorbable sutures (Fig. 37.4d). An 
arched hard palate may make flap closure difficult. A 
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soft diet is begun on the first day. The use of an upper 
denture is avoided for at least 4 weeks, or until healing 
is completed. If wound breakdown is noted, an upper 
palatal splint (even if only partially occlusive) may be 
easily fashioned (dentist, dental laboratory, other) and 
worn until healing has been achieved. Closure may 
be expedited by placing temporary sutures which will 
last for several days and will relieve tension on the 
wound. These can be replaced as needed. 


Distal Palatopharyngoplasty 

In a patients with an anatomically normal palate and 
uvula, no surgery of the uvula and distal palate is re¬ 
quired. In patients with redundant palate, pillar mu¬ 
cosa, uvula, or tonsils, conservative surgery to tighten 
or remove this tissue may be needed with or without a 
tonsillectomy. In many patients, it may be performed 
after UPPP failure. In cases of pharyngeal stenosis 
after surgery or trauma, scar release may be needed 
with or without additional procedures. 



Postoperative care includes: 


Perioperative antibiotics 
Avoiding dentures or other soft-tissue com¬ 
pression 

A soft diet for 2 weeks to avoid undoing stress 
on the closure with swallow and gag 
Close observation for a fistula (early use of oral 
splint if one is identified) 


Results and Complications 


Published data on transpalatal advancement pharyn¬ 
goplasty includes case series and studies of airway me¬ 
chanics [4-6], Early experience observed significant 
reductions in the apnea-hypopnea index (AHI) and 
the apnea index. A 67% successful response rate with 
a respiratory disturbance index (RDI) of less than 20 
events per hour was observed in patients who only 
underwent transpalatal advancement. The RDI in the 
responder group decreased from 52.8 to 12.3 events 
per hour. Seven of 11 patients (64%) had the RDI re¬ 
duced to less than 20 events per hour. This group was 
skewed by several individuals with massive redun¬ 
dant nasopharyngeal lymphoid tissue that when re¬ 
moved likely contributed to such marked improve¬ 
ment. Subsequent studies on subjects without lym¬ 


phoid blockage demonstrated improvement in the 
AHI, although these studies primarily evaluated up¬ 
per-airway structure. Increased retropalatal size and 
decreased compliance were observed. Photograph¬ 
ic evaluation demonstrated an increased velopharyn¬ 
geal anterior-posterior dimension and enlargement 
of the lateral pharyngeal ports. 

More recently a controlled study compared a cohort 
of patients with palatal advancement to a matched his¬ 
torical group of UPPP patients all of whom were cate¬ 
gorized as Friedman stage 3. This group would be pre¬ 
dicted to have an 8% success rate with UPPP alone. 
The palatal advancement group demonstrated signif¬ 
icant improvement over UPPP. The odds ratio of suc¬ 
cess using palatal advancement over UPPP was 5.77 
(95% confidence interval of 1.80-17.98) when control¬ 
ling for body mass index, tongue-base surgery, age, 
and presurgical AHI. 

Postoperatively, velopharyngeal insufficiency has 
been rare. One case following aggressive UPPP is 
known to have occurred and resolved with partial su¬ 
ture release. Clinical success also occurred. This is 
similar to maxillofacial surgery where velopharyn¬ 
geal insufficiency is rare even following UPPP. As 
with UPPP, transient symptoms of mild nasopha¬ 
ryngeal reflux may occur immediately postoperative¬ 
ly. Dysphagia may occur for several weeks postopera¬ 
tively. Increased pharyngeal volume, UPPP effects, or 
other factors may decrease afferent triggering of swal¬ 
low or may decrease bolus pressures and contribute to 
delayed pharyngeal clearance. As with all palatopha¬ 
ryngoplasty techniques, sensation of globus, muco- 
cilliary dysfunction, dry throat, excessive salivation, 
and increased aspiration may occur. In isolated pal¬ 
atal advancement, these complaints seem to be rare 
and less common than with traditional UPPP tech- 
nques. Rarely, palatal flap necrosis and a subsequent 
oronasal fistula may occur. All have closed with con¬ 
servative treatment including the creation and wear¬ 
ing of an upper palatal prosthesis for 1-6 weeks. No 
fistula has required an operative procedure to close 
secondarily. Gentle tissue technique, careful hemo¬ 
stasis, perioperative antibiotics, and placement of the 
site of incision to minimally overlap the bone removal 
are recommended to lessen this complication. Smok¬ 
ers may be particularly prone to poor healing and fis¬ 
tula. 
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Core Messages 


■ Tongue-base suspension should be consid¬ 
ered in patients who are suitable candidates 
for uvulopalatopharyngoplasty with an ap- 
nea-hypopnea index above 20 and docu¬ 
mented moderate tongue-base obstruction 
on clinical examination. 

■ The addition of hyoid myotomy and suspen¬ 
sion to tongue-base suspension may further 
improve the retrolingual airway. 

■ Overcorrection can result in tongue thrust¬ 
ing, dysarthria, and dysphagia, which may 
not resolve. 

■ Tracheostomy rather than tongue-base sus¬ 
pension should be offered to patients with se¬ 
vere tongue-base obstruction or to patients 
with severe cardiopulmonary comorbidity 
or apnea-related cardiac events. 
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Introduction 


As early as 1981, Fujita et al. [1] recognized that patients 
with obstructive sleep apnea (OS A) often have multiple 
levels of obstruction. The tongue base and hypophar- 
ynx have been found to be the major sites of obstruc¬ 
tion in up to 50% of patients [2], Although uvulopala¬ 
topharyngoplasty (UPPP) remains the cornerstone of 
surgical therapy for OSA, failure to address addition¬ 
al sites of obstruction can significandy limit the effec¬ 
tiveness of surgical intervention. In their series, Sher 
et. al. [3] demonstrated cure rates with UPPP alone of 
only 40% in nonselected patients and 5-10% in patients 
with type II/III airway collapse. Riley et. al. [4] con¬ 
cluded that the tongue base was the cause of persistent 
obstruction in patients who failed UPPP. 

Many techniques have been developed to address 
obstruction in the hypopharynx and tongue base and 
include midline glossectomy, lingualplasty, radiofre¬ 
quency tongue ablation, hyoid suspension, mandib¬ 
ular osteotomy with genioglossus advancement, and 
maxillary-mandibular advancement. Many of these 
treatments are associated with significant morbid¬ 
ity, including mental nerve anesthesia, dental trau¬ 
ma, and the potential to change the facial appearance. 
Most recently, a minimally invasive tongue-base su¬ 
ture suspension procedure has been developed and 
has been shown in many series to be a safe and ef¬ 
fective means of addressing obstruction at this lev¬ 
el. This technique utilizes a submucosal suture that is 
anchored to the genial tubercle to prevent the tongue 
from occluding the pharynx when muscle activity is 
reduced during sleep. 

DeRowe et. al. [2] conducted a phase 1 study in¬ 
cluding 16 patients with a respiratory disturbance in¬ 
dex (RDI) between 12.5 and 70 who underwent iso¬ 
lated tongue-base suspension. Data was collected 
retrospectively with preoperative and postoperative 
comparisons. Two patients required suture removal 
for complications and were excluded from the analy¬ 
sis. The RDI improved from 35±16.5 to 17+8 (a 51.4% 
reduction, p=0.001). Although a validated question¬ 
naire was not used, the remaining 14 patients all not¬ 
ed improvement in snoring. 
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Thomas et. al. [5] examined 17 patients with severe 
OSA and Fujita type II collapse in a prospectively en¬ 
rolled, randomized crossover trial examining genio- 
glossus advancement and Repose (Influ-ENT Medi¬ 
cal, Concord, NH, USA) tongue suspension. Patients 
were over 21 years of age and exhibited moderate OSA 
with failure of conservative therapy. Retropalatal and 
retrolingual collapse was demonstrated by Muller ma¬ 
neuvers. Patients underwent UPPP with either ge- 
nioglossus advancement or Repose tongue suspen¬ 
sion. Nine patients underwent Repose tongue suspen¬ 
sion with Epworth scores decreasing from 12.1±7.2 to 
4.1+3.4 (p= 0.007). The RDI improved from 35+16.5 to 
17+8 (51.4% reduction) (p=0.001). Airway collapse as 
measured by Muller’s maneuver improved by 64% at 
the palate and 83% at the tongue base (p=0.0006 and 
0.0003, respectively). In four of nine patients, snor¬ 
ing questionnaire scores fell from 9.3+1.0 to 3.3+2.1 
(p= 0.02). Seven of the nine patients had postoperative 
sleep studies, and a surgical response was achieved in 
four of them (57%). In the tongue-advancement group, 
Epworth scores fell from 13.3±4.5 to 5.0±3.5 (p=0.002). 
Airway collapse improved by 31% at the palate and 75% 
at the tongue base (p= 0.1 and 0.03, respectively). In four 
of eight patients, snoring questionnaire scores went 
from 9.3+1.0 to 5.0+0.6 (p= 0.04). Four patients under¬ 
went postoperative polysomnography, two of whom 
achieved a surgical response (50%). It was concluded 
that Repose tongue suspension was slightly more effec¬ 
tive in improving daytime somnolence and snoring. 

Woodson [6] investigated polysomnographic and 
subjective outcomes 2 months following Repose 
tongue suspension in 43 patients. The study included 
snorers with an apnea-hypopnea index (AHI) below 
15 and OSA patients with AHI > 15 who demonstrat¬ 
ed tongue-base obstruction on Muller’s maneuver. 
Patients were excluded for AHI > 60, average desatu¬ 
ration less than 80%, and body mass index above 34. 
The RDI improved from 35.4+13.7 to 24.5+14.5 in the 
OSA group (p= 0.009), however only a small number 
were definitively treated. There was significant im¬ 
provement in OSA symptoms but no significant dif¬ 
ference in snoring. 

Miller et. al. [7] performed a retrospective analysis of 
19 patients who underwent UPPP with Repose tongue 
suspension. The RDI declined from 38.7±12.3 to 21.0±7.4 
(46%) (p<0.05) with a surgical cure rate of 20%. 

Kiihnel et. al. [8] performed a study of 28 male pa¬ 
tients with sleep-disordered breathing. The RDI im¬ 
proved from 41 to 38 at 3 months and to 31 at 12 
months after surgery. Epworth scores improved from 
12 to 9 at 3 months and to 9 at 12 months after sur¬ 
gery. In nine cases, Epworth scores were worse af¬ 
ter 1 year. Endoscopy findings did not reveal a sig¬ 
nificant difference between preoperative and post¬ 
operative data. Lateral cephalometric analysis was 
performed to evaluate changes of the posterior air¬ 


way space (PAS), defined as the distance between the 
tongue base and the posterior wall of the pharynx 
at the level of the line connecting the supramental 
point and gonion. The PAS increased from 10.6±3.5 to 
12+3.8 (p= 0.0056) for a difference of 2 mm. Howev¬ 
er, when patients in whom the uvula constituted the 
rostral boundary of the PAS were excluded, the dif¬ 
ference was reduced to only 1.3 mm. It was conclud¬ 
ed that a marked improvement in symptoms could be 
achieved in some patients who do not respond to con¬ 
servative therapy. 


Indications/Contraindications 


The extent of surgical treatment of sleep apnea is de¬ 
termined by patient motivation, the severity of symp¬ 
toms, the severity of disease as determined by poly¬ 
somnography, and the site of obstruction as well as 
the medical and psychological fitness of the patient. 
General recommendations for the surgical treatment 
of sleep apnea are as follows [9,10]: 


AHI of more than 15 

Oxyhemoglobin desaturation of less than 90% 
AHI of more than 5 and less than 14, with 
excessive daytime sleepiness 
Upper airway resistance syndrome, preferably 
with objective improvement of neurocognitive 
dysfunction using medical therapy (continu¬ 
ous positive airway pressure, CPAP) 
Significant cardiac arrhythmias associated 
with obstruction 

Unsuccessful or inability to tolerate medical 
therapy 


The type of surgery performed is dependent on the 
severity of OSA and the site of obstruction. Most pa¬ 
tients with significant OSA will require UPPR Mul¬ 
tilevel pharyngeal surgery consisting of UPPP, hyoid 
myotomy, and surgery to address the tongue base is 
generally offered to patients with a RDI greater than 
20 [11]. An attempt is made to identify the site of ob¬ 
struction, and tongue surgery is advocated when 
tongue-base collapse is greater than 50% of the cross- 
sectional area of the airway. 


Preoperative Workup 


It is important to consider that patients with OSA of¬ 
ten suffer from concurrent depression, reflux laryn- 
gopharyngitis, hypertension, chronic obstructive pul¬ 
monary disease, reactive airway disease, and coronary 
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artery disease. Up to 40% of patients seeking surgery 
for sleep apnea have a history of cardiovascular dis¬ 
ease [12], Preoperative assessment therefore should 
include an electrocardiogram, chest X-ray, complete 
blood count, and a thorough general medical evalua¬ 
tion to assess the risks of cardiopulmonary complica¬ 
tions and the need for medical referral. Stress testing 
and pulmonary function testing should be considered 
for those patients with significant histories. Preoper¬ 
ative flexible laryngoscopy is useful to assess the ease 
of intubation for surgery and also to rule out an oc¬ 
cult lesion as the source of airway obstruction. The 
addition of Muller’s maneuver assists in determina¬ 
tion of areas of collapse. Upper-airway imaging, in¬ 
cluding lateral cephalometric radiographs, fluorosco¬ 
py, CT, and MRI, is usually unnecessary, but may aid 
in identification of the site of collapse. 

Tracheostomy rather than tongue-base suspension 
should be offered to patients with severe tongue-base 
obstruction or patients with severe cardiopulmonary 
comorbidity or apnea-related cardiac events. Such pa¬ 
tients are unsuitable candidates for multilevel airway 
surgery and require definitive control of apnea. 


Technique 


Tongue-base approaches range from radiofrequency 
ablation to reduce tongue-base volume, to genioglos- 
sus advancement, which entails mandibular osteoto¬ 
mies to reposition the genial tubercle, and thus the ge- 
nioglossus muscle, anteriorly. A recent advance is the 
development of the Repose lingual suspension proce¬ 
dure for genioglossus advancement. This is the authors’ 
preferred approach to tongue-base suspension and is 
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performed using commercially available instrumenta¬ 
tion (Influ-ENT Medical) (Fig. 38.1). If palatal surgery 
is being performed in conjunction with tongue-base 
suspension, palatal surgery is performed first. 

After establishment of general nasotracheal anes¬ 
thesia, the mouth is held open with a bite block. A 2-0 
silk suture is placed in the anterior tongue in the mid¬ 
line to facilitate retraction. Local anesthetic contain¬ 
ing epinephrine is injected into the floor of mouth and 
a blade is used to make a small incision in the floor of 
the mouth in the midline, posterior to Wharton’s duct 
orifices. Dissection is carried down between the ducts 
to the genial tubercle of the mandible using a fine he- 
mostat. The periosteum overlying the genial tubercle 
is elevated using a Cottle elevator. The screw insert¬ 
er is preloaded with a small bone screw with a loop of 
permanent 1-0 polypropylene suture attached to the 
end of the screw, which is housed within the screw- 
inserter handle. The screw inserter is placed such that 
the screw is inserted through the incision in the floor 
of the mouth in the midline (Fig. 38.2). The screw is 
pressed perpendicularly against the genial tubercle 
of the mandible, well below the tooth roots, and the 
inserter is activated until the screw completely pen¬ 
etrates the mandible (Fig. 38.3). Once the screw has 
engaged the mandible, upward traction on the screw- 
inserter handle facilitates advancement of the screw 
through the mandibular cortex. When the screw has 
been inserted, the screw-inserter handle disengag¬ 
es and is removed. This leaves the screw attached to 
the genial tubercle with the attached loop of perma¬ 
nent polypropylene suture exiting through the floor 
of the mouth incision. The loop of permanent suture 
is cut directly in the middle, leaving two equal ends 
attached to the screw and exiting from the incision. 
The ends are tagged with small hemostats. 


Fig. 38.1. The components 
of the Repose genioglossus 
advancement and stabiliza¬ 
tion procedure (Influent 
Medical, Concord, NH, 
USA) set include a bone 
screw inserter, suture 
passer, bite block and 
tongue retractor 
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Fig. 38.2. After incising 
the floor of mouth mucosa 
posterior to Wharton’s 
ducts, the periosteum is 
elevated over the genial 
tubercle and the screw 
inserter is placed through 
the incision 
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Fig. 38.3. The screw-inserter handle is positioned perpen¬ 
dicular to the angle of the mandible: the screw should abut the 
mandible at 90°. (Used with the express written permission of 
Influent Medical) 


Fig. 38.4. The suture passer containing a preloaded tempo¬ 
rary suture loop is inserted through the floor of the mouth 
incision to exit the tongue base posterior to the circumvallate 
papillae, and 1-1.5 cm lateral to the midline. (Used with the 
express written permission of Influent Medical) 


The suture passer is preloaded with a temporary 
surgical loop suture (Fig. 38.1). The suture passer is 
then inserted through the floor of the mouth inci¬ 
sion to exit the tongue base 2 cm posterior to the cir¬ 
cumvallate papillae, and 1-1.5 cm lateral to the mid¬ 
line (Fig. 38.4). If the suture passer exits less than 1 
cm from the midline, inadequate suspension results; 
if it is passed more than 1.5 cm lateral from the mid¬ 
line, injury to the neurovascular bundle can result. 
The temporary suture is then released from the su¬ 


ture passer and the passer is removed, which results 
in a looped suture protruding from the tongue base. 
One of the mandibular screw’s polypropylene suture 
ends is then loaded into the empty suture passer and 
is passed through the floor of the mouth incision in a 
similar manner to exit the contralateral tongue base 
(Fig. 38.5) This permanent suture is then loaded onto 
a Mayo needle and passed submucosally from the exit 
point of that suture in the tongue base to the exit point 
of the contralateral suture loop (Figs. 38.6, 38.7). The 
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Fig. 38.5. A polypropylene suture attached to the mandibu¬ 
lar screw is loaded into the empty suture passer and is passed 
through the floor of the mouth incision to exit the contralat¬ 
eral tongue base, 1-1.5 cm lateral to the midline. (Used with 
the express written permission of Influent Medical) 



} I I 
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Fig. 38.6. The permanent suture is loaded onto a Mayo needle 
and passed submucosally from the exit point of the suture to 
the exit point of the contralateral temporary suture loop. (Used 
with the express written permission of Influent Medical) 


Fig. 38.7. The tongue re¬ 
tractor openings facilitate 
passage of the tongue-base 
suture while allowing 
tongue-base retraction 
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Fig. 38.8. Both ends of the permanent suture now exit through 
the floor of the mouth incision. The sutures are tied to suspend 
the tongue anteriorly. (Used with the express written permis¬ 
sion of Influent Medical) 





Fig. 38.9. Adequate suspension creates a palpable dimple in 
the base of the tongue and just lifts the base of the tongue off 
the posterior hypopharyngeal wall. (Used with the express 
written permission of Influent Medical) 


needle is removed and the permanent suture is then 
passed through the suture loop. The looped suture is 
pulled anteriorly, which pulls the permanent suture 
anteriorly to exit through the floor of mouth incision 
(Fig. 38.8). 

The sutures are tied with a surgeon’s knot to create 
an amount of tension that results in a palpable dimple 
in the base of the tongue. Adequate suspension is as¬ 
certained by placing a finger over the tongue base and 
determining that tightening of the suture just lifts the 
base of the tongue off the posterior hypopharyngeal 
wall (Fig 38.9). Overcorrection should be avoided as 
this may acutely result in strangulation of tissue with 
heightened degrees of pain and swelling, and may re¬ 
sult in dysarthria and dysphagia from tongue thrust¬ 
ing which may not resolve. 

After securing the permanent suture, the ends are 
trimmed to bury the suture and copious irrigation is 
used. The floor of the mouth incision is closed with 
several interrupted absorbable sutures. 


Tips and Pearls 

L Screw engagement with the mandibular cortex 
is difficult if inadequate soft tissue or perioste¬ 
um has been elevated from the genial tubercle. 

■ Once the screw abuts the mandible, screw 
placement is facilitated by upward traction 
on the screw inserter sufficient to just lift the 
patient’s head off the table. This prevents the 
screw from slipping while the cortex is en¬ 
gaged. 

Perioperative steroids greatly ameliorate 
tongue-base and floor-of-mouth edema result 
ing from manipulation of these areas during 
tongue suspension. 

All patients should be admitted for overnight 
observation with pulse oximetry following 
tongue-base suspension. 


Complications 


Complication rates from tongue suspension range 
from 15 to 26% [1, 6-8], Common complications in¬ 
clude local infection, pain, odynophagia, and dysar¬ 
thria. These generally resolve within 1-2 weeks. Less 
commonly, hematoma, persistent globus sensation, 
sialoadenitis, tongue hypesthesia, delayed infection, 
suture extrusion, and suture breakage may occur. 
Ideally, tongue-base suspension suspends the tongue 
such that the patient is unaffected while awake, but 
retrolingual prolapse is prevented during sleep: over¬ 
correction may result in tongue thrusting, dysarthria, 
and dysphagia. Careful attention to tongue placement 
during suture suspension is required to avoid this 
complication. An advantage of suture suspension of 
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the tongue base over more complex procedures is the 
ready reversibility of the procedure in such instances 
with minimal patient morbidity and inconvenience. 
Tooth loss and mental nerve anesthesia are common 
complications of genioglossus advancement using 
mandibular osteotomies, which are avoided with the 
use of the suture suspension technique. 



It is important to recognize that surgical intervention 
of OSA may result in a temporary exacerbation of air¬ 
way obstruction. The tongue suspension procedure, 
in particular, involves manipulation of the floor of the 
mouth and the base of the tongue, which often results 
in temporary edema with the potential for respira¬ 
tory embarrassment; therefore, the authors advocate 
overnight hospitalization with pulse oximetry moni¬ 
toring for all patients undergoing tongue suspension. 
Admission to an intensive care setting should be con¬ 
sidered when severe comorbidity is present. Patients 
with severe OSA should continue CPAP in the peri¬ 
operative period. Narcotic pain medications are used 
judiciously, recognizing that the use of these medi¬ 
cations may worsen the severity of OSA. Patients are 
treated with broad-spectrum antibiotics; periopera¬ 
tive steroids ameliorate discomfort and edema from 
tongue and floor-of-mouth manipulation. Patients 
are suitable for discharge once pain has been con¬ 
trolled and adequate oral fluid intake has been dem¬ 
onstrated. Polysomnography is repeated 3-4 months 
postoperatively to determine the response to surgery. 
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Hyoid Suspension 
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Core Messages 


■ Hyoid suspension prevents the hypopha- 
ryngeal collapse of the tongue musculature, 
which relaxes during sleep. 

■ The modified hyoid suspension is indicated 
for mild obstructive sleep apnea (OSA) with 
retrolingual obstruction. 

■ For moderate to severe OSA, the hyoid sus¬ 
pension should be a part of a multilevel sur¬ 
gery concept. 

■ The modified hyoid suspension uses a sin¬ 
gle wire and the procedure is easy to perform 
without division of the stylohyoid ligaments. 

■ The majority of patients reported reduction 
of their snoring and tolerated the discomfort 
and side effects associated with the modified 
hyoid suspension procedure. 
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Introduction 


Many surgical procedures were developed to treat 
airway obstruction, with one being the hyoid sus¬ 
pension, which addresses hypopharyngeal constric¬ 
tion. The idea to prevent the hypopharyngeal collapse 
of the tongue musculature, which relaxes during 
sleep, with the help of a suspension of the hyoid bone 
is not new. In 1986 a new therapy concept was pre¬ 
sented for the treatment of the hypopharyngeal con¬ 
striction: the inferior sagittal osteotomy of the man¬ 
dible with hyoid myotomy suspension [7], which at¬ 
tempts to move the hyoid bone cranial and anterior. 
The procedure involved a medial mandibular osteot¬ 
omy with genioglossus advancement and suspension 
of the hyoid to the mandible using homologous fascia 
lata strands after myotomy of the infrahyoidal mus¬ 
culature. In 1994, this technique was modified first by 
Riley et al. [8], who no longer fixated the hyoid bone 
on the mandible but on the upper edge of the thyroid 
cartilage. The resulting movement of the tongue base 
towards anterior and caudal increases and stiffens the 
upper airway. Access is achieved via a 3-4-cm-wide 
horizontal skin incision along the relaxed skin ten¬ 
sion lines at the level of the hyoid bone. A portion of 
the body of the hyoid is isolated in the midline. The 
inferior body of the hyoid bone is cleanly dissected. 
The stylohyoid ligaments are sectioned from the less¬ 
er cornu, but the remaining suprahyoid musculature 
is left intact. A subcutaneous vertical incision is made 
to allow exposure of the thyroid notch and superior 
thyroid lamina. Ticron no. 1 sutures (Davis & Geek, 
American Cyanamid Co., Danbury, USA) are placed 
through the superior portion of the thyroid cartilage 
and around the hyoid bone. 

This method was modified [2,3] by Hormann, who 
avoids cutting the stylohyoid ligaments and does not 
perform a myotomy of the suprahyoidal and infra¬ 
hyoidal musculature in order to be less invasive and 
more effective. 
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Indications and Contraindication; 


We recommend an extensive clinical evaluation pre- 
operatively with the help of rigid endoscopy and poly¬ 
somnography. We see no primary indication for the 
hyoid suspension for primary snoring except in cas¬ 
es where the snoring problem is severe or an alterna¬ 
tive operation did not succeed or in cases with an en¬ 
doscopic diagnosed retrolaryngeal stenosis. 

In the case of mild obstructive sleep apnea (OSA) 
with a suspected retrolingual collapse, hyoid suspen¬ 
sion is an alternative to radiofrequency therapy of the 
tongue base. We primarily choose the radiofrequency 
procedure owing to the lower invasiveness and post¬ 
operative morbidity, and offer hyoid suspension sec¬ 
ondarily, after failed radiofrequency surgery. But for 
mild OSA and diagnosed retrolaryngeal stenosis, we 
often choose the hyoid suspension in combination 
with radiofrequency therapy of the tongue base. 

In the case of moderate OSA, the cure rate of radio¬ 
frequency therapy decreases. For this situation, hyoid 
suspension is superior to radioffequency therapy. There¬ 
fore, we consider moderate OSA (apnea-hypopnea in¬ 
dex, AHI, from 20 to 40) as a primary indication for 
the hyoid suspension procedure. If the obstruction site 
is suspected to lie solely in the retrolingual segment, an 
isolated hyoid suspension presents itself as an option. 

For more severe forms of OSA (AHI>40), we in¬ 
creasingly assume that the complete airway is affected. 

For severe OSA, respiratory therapy is to be pre¬ 
ferred in general; but when conservative therapy fails, 
surgery becomes an option. Since severe OSA most 
often involves multilevel obstruction, an isolated hy¬ 
oid suspension is often not sufficient. When severe 
OSA is present, we recommend a multilevel surgery 
concept which combines the hyoid suspension with 
procedures at the soft palate and the tongue base. 


Tips and Pearls 

Indications for hyoid suspension are: 

Mild OSA and diagnosed retrolaryngeal stenosis 
□ Moderate OSA (AHI from 20 to 40) 

Isolated retrolingual segment obstruction 
As part of a multilevel surgery concept in cases 
with severe OSA, which combines the hyoid 
suspension with procedures at the soft palate 
and the tongue base 



The procedure is demonstrated in Video 39.1 

We prefer to perform hyoid suspension under 
general anesthesia with intubation; however, the 
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Hyoid Suspension 

procedure can also be performed under local an¬ 
esthesia [6] with intravenous sedation. The patient 
receives an intraoperative single shot of 2 g cefazo- 
lin. The patient is then placed on the operating table 
with a slightly reclined head. The skin of the throat 
between the chin and the sternum is prepared with 
antiseptic solution and isolated with sterile drapes. 
Prilocaine (1%) with 1:200,000 epinephrine solu¬ 
tion is injected in the skin to minimize intraoper¬ 
ative bleeding. The skin incision is placed above the 
hyoid bone along the relaxed skin tension lines (Fig. 
39.1). 

The upper and lower skin flaps are elevated to ex¬ 
pose the subplatysmal fat and muscles. For cosmet¬ 
ic reason, some of the mobilized subplatysmal fat is 
resected (Fig. 39.2). Failure to do so will, as a result 
of the advancement of the hyoid, create an unattract¬ 
ive supralaryngeal wrinkle with a turkeylike appear¬ 
ance. 

In contrast to the originally described method, our 
new modification of the technique requires only one 
triangular suture, which passes (bilaterally) through 
the paramedial thyroid cartilage and medially around 
the hyoid. For the suture, a monofilamentous grade 3 
steel wire (Ethicon, Hamburg, Germany) is used. For 
this, first the suprahyoidal musculature is vertically 
separated precisely in the midline (Fig. 39.2, red line), 
until a Langenbeck retractor can be applied. The fas¬ 
cia in the midline between each sternohyoid mus¬ 
cle is incised using electrocautery until the plane of 
the thyroid cartilage is reached. The muscles on both 
sides are retracted to expose the lateral parts of the 
thyroid cartilage. 


Tips and Pearls 

The blood supply to the thyroid cartilage is pro¬ 
vided by the blood vessels of the perichon¬ 
drium. Unnecessary elevation of the perichon¬ 
drium should, therefore, be avoided to reduce 
the risk of necrosis. 


Now, starting caudally, a sharp needle is pierced 
through the cartilage without drilling. A steel wire is 
fixed at the end of the needle, which is pierced out on 
the contralateral side of the thyroid cartilage from be¬ 
hind (Fig. 39.3, left). No further alteration of the car¬ 
tilage is needed to fixate the wire, which is now placed 
near the thyroid notch. 


Tips and Pearls 

■ It must be emphasized that the level of the sur¬ 
gical placement of the wire should be near the 
thyroid notch in order to prevent damage to 
the vocal cords. 


Then the hyoid body is encircled with the wire liga¬ 
ture until the tip of the needle appears at the top of 
the Langenbeck retractor (Fig. 39.3, center). In order 
to prevent an accidental opening up of the pharynx 
by the needle, the assistant elevates the hyoid with a 
Joseph retractor. In order to prevent a tearing of the 
wire, the distance to the free upper edge of the thy¬ 
roid cartilage should be at least 5 mm. Especially in 
men, ossifications of the thyroid cartilage may com¬ 
plicate the piercing of the cartilage with the ligature, 
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or in individual cases even make it impossible. A sur¬ 
gical drill system as, for example, used in ear surgery 
is of help here. Now the actual suspension takes place 
(Fig. 39.3, right). 

The hyoid is undergirded with the Joseph retrac¬ 
tor one more time. With one hand the assistant pulls 
the hyoid with this retractor anteriorly and caudally, 
while pushing the larynx with the other hand in the 
cranial direction (Fig. 39.4). The surgeon now fixates 
the hyoid in this position by twisting the two ends 
of the wire with a needle holder. The two ends are 
pinched off and bent in the subplatysmal fat to avoid 
later injuries. 

A Redon drain is placed (used for 2 days and then 
removed) and the platysma and subcutaneous fat are 
then closed with interrupted sutures. The skin inci¬ 
sion is closed with an intracutaneous nylon suture. 
This modification, which does not include a myotomy 
and division of the stylohyoid ligaments, shortens the 
surgery time, and reduces the extent of surgical dis¬ 
section. With this modification we achieve a reduc¬ 
tion in the invasiveness of the procedure. 


Postoperative Care and Complications 


We perform hyoid suspension on an in-patient basis. 
Apart from the perioperative single antibiotic dose, 
antibiotics are only indicated if inflammatory com¬ 
plications develop. The Redon drainage is removed 
after 1-2 days, depending on the circumstances. In 
the majority of cases, symptoms of dysphagia for up 
to 4 weeks are to be expected. The postoperative diet 
should consider this. 

In order to protect the upper airway in the pres¬ 
ence of severe OSA, several authors recommend rou¬ 


tine use of nasal continuous positive airway pressure 
during the postoperative phase after hyoid suspen¬ 
sion [5], Intensive care unit observation is usually not 
necessary after hyoid suspension. 

Nerunturat [6] recently described self-limited aspi¬ 
ration as a complication after hyoid suspension with¬ 
in the first 3 weeks after surgery. In our own patient 
pool, we have observed hematomas, seromas, distur¬ 
bances of the wound-healing process, as well as tem¬ 
porary articulation distortions. A relatively frequent 
complication is the development of a hematoma. Ever 
since we have maintained the Redon drain for at least 
2 days under suction, the incidence of hematomas in 
need of treatment has decreased. Other severe com¬ 
plications have not been reported. 


Outcome/Effectiveness 

for Sleep-Related Breathing Disorders 


Isolated use of hyoid suspension is rare since it is al¬ 
most always performed as part of the multilevel sur¬ 
gery concept for patients with OSA. Currently, no 
published data exist in regard to its usefulness for pri¬ 
mary snoring. Only Riley et al. [8] presented their re¬ 
sults after an isolated hyoid suspension. In a group of 
15 patients with diagnosed OSA, they found a reduc¬ 
tion of the AHI from 46.9 to 21.3 postoperatively with 
a success rate of 53.3%. 

This success rate for isolated hyoid suspension in 
patients with severe OSA is slightly higher than 50% 
according to Sher. But there are not yet sufficient data 
to scientifically verify the efficacy of isolated hyoid sus¬ 
pension in the treatment of OSA, and, furthermore, 
control studies are needed. Nevertheless, the experi¬ 
ence of Riley et al. is similar to our own clinical expe- 


Fig. 39.4. Technique of 
hyoid suspension. Left: Pre¬ 
operative situation. Center: 
Hyoid suspension without 
myotomy and without 
resection of the stylohyoid 
ligaments. Right: Completed 
suspension 
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Table 39.1. Preoperative and postoperative results 


1 Parameter 

Mean 

SD 

Minimum 

Median 

Maximum 1 

AHI preoperatively (per hour) 

38.9 

21.1 

15.0 

35.2 

117.0 

AHI postoperatively (per hour) 

19.3 

19.6 

0.0 

11.4 

82.0 

Arousal index preoperatively (per 

34.3 

53.9 

1.0 

18.7 

247.0 

Arousal index postoperatively (per 

18.1 

14.6 

0.0 

15.9 

67.7 

Mean O2 preoperatively (%) 

92.0 

3.5 

80.0 

92.3 

97.0 

Mean O2 postoperatively (%) 

93.3 

2.8 

81.0 

94.0 

97.0 

Lowest 0 2 preoperatively (%) 

80.7 

9.3 

53.0 

83.0 

92.0 

Lowest O2 postoperatively (%) 

84.6 

7.6 

51.0 

86.0 

97.0 

ESS preoperatively (points) 

9.6 

5.2 

0.0 

10.0 

20.0 

ESS postoperatively (points) 

6.4 

4.3 

1.0 

5.0 

19.0 


SD standard deviation, AHI apnea-hypopnea-index, 0 2 oxygen saturation, ESS Epworth sleepiness scale 


rience in the therapy of OSA. Furthermore, hyoid sus¬ 
pension in the modification suggested by Hormann 
has established itself as an essential and effective ther¬ 
apy element in the context of our multilevel concept 
[4], Figure 39.5 demonstrates the effectiveness of the 
hyoid suspension in our multilevel concept [9]. 

Performing hyoid suspension in the context of 
multilevel management of OSA, we have achieved a 
success rate of 57.6% in our patients [4], That means 
38 of the 66 patients treated were regarded as cured 
(Sher: reduction of the AHI of 50% or more and be¬ 
low 15). The mean AHI was 38.9±21.1 before surgery 
and 19.3±19.6 after surgery (p<0.0001). More statisti¬ 
cally significant changes were found for the arousal 
index, the oxygen saturation and the Epworth sleepi¬ 
ness scale (Table 39.1). 


In another study we evaluated the discomfort and 
side effects associated with this surgical concept [1], 
Between November 2001 and June 2004, 102 pa¬ 
tients with OSA and/or with laryngeal stenosis, who 
were all treated with a hyoid suspension in combina¬ 
tion with surgeries at the base of tongue, the soft pal¬ 
ate or the nose, were included in this study. Patients 
completed a questionnaire concerning their discom¬ 
fort and snoring sensation at 1 month postoperative- 
ly. A reduction in snoring to a level which was toler¬ 
ated by the bed partner was regarded as success. Half 
of the patients needed analgesics until the 14th day 
after surgery, complained dysphagia until postopera¬ 
tive day 20 and had speech difficulties until the 30th 
postoperative day. However, 84% of the patients stat¬ 
ed that they would undergo the same procedure if 


Fig. 39.5. With the hyoid 
suspension the apnea-hypop- 
nea-index could be reduced 
with statistical significance 
from 40.8 to 25.8, whereas 
in the group without hyoid 
suspension the reduction 
from 27.8 to 22.9 showed 
no statistical significance. 

HS hyoid suspension, AHI 
apnea-hypopnea-index 
NSS no statistical signifi- 



WithHS 


without HS 
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Fig. 39.6. Left: 94% of all 
patients (n=102) reported 
a sufficient reduction of 
snoring. Right: 84% of the 
patients would undergo the 
same surgery once again. 
MLS multilevel surgery 
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they had to start all over again, and 94% reported a 
successful reduction of their snoring (Fig. 39.6). 


Cocnlusions 


- V 

Nearly all patients tolerated the discomfort and 
side effects of hyoid suspension in the context of 
multilevel surgery for the treatment of OSA. The 
majority of the patients reported reduction of 
their snoring, and despite the associated discom¬ 
fort and temporary speech difficulties they would 
consider undergoing this procedure if they had 
to start all over again. Further studies are need¬ 
ed to estimate long-term success rates of hyoid 
suspension used alone or in the context of mul¬ 
tilevel surgery. 
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Core Messages 


■ Manipulation of chin position aims at in¬ 
creasing the hypopharyngeal airway and 
preventing its collapse by advancing the ge¬ 
nial tubercle and genioglossus muscle. 

■ Genioplasty is indicated for the treatment of 
patients suffering from obstructive sleep ap¬ 
nea syndrome with a respiratory disturbance 
index above 15 per hour of sleep and oxyhe¬ 
moglobin desaturation to less than 87% that 
failed conservative management. 

■ Genioplasty aims at widening the posterior 
airway space in the region of the hypophar- 
ynx-tongue base. 


Contents 

Introduction. 361 

Clinical Evaluation.362 

History and Physical Examination.362 

Imaging.363 

Polysomnography.363 

Indications for Genioplasty.363 

Surgical Technique.364 

Sliding Genioplasty.364 

Geniotomy.364 

Complications.365 

Conclusion.365 

References.365 


Introduction 


Obstructive sleep apnea is a common, but not a new 
disorder. Health care providers are becoming increas¬ 
ingly aware of the entity and its health impact. Up to 
24% of men and 9% of women meet the polysom¬ 
nography criteria to diagnose obstructive sleep ap¬ 
nea. When the polysomnography data are combined 
with symptoms of sleep apnea (obstructive sleep ap¬ 
nea syndrome, OSAS), the prevalence rate is around 4 
and 2% in men and women, respectively [12]. 

The airway collapse leading to OSAS commonly 
occurs at multiple levels and thus complicates the sur¬ 
gical treatment of the disorder. Nasal and palatopha¬ 
ryngeal surgery are the most frequently performed 
procedures to treat OSAS, but their failure rate can be 
higher than 50%. Most of the failures of palatopha¬ 
ryngeal surgery are due to persistent airway collapse 
at the level of the hypopharynx-tongue-base region. 

There are numerous surgical procedures designed 
to deal with the hypopharyngeal airway, but none 
have been consistently successful and most have a 
relatively high morbidity. Manipulation of chin po¬ 
sition aims at increasing the hypopharyngeal airway 
and preventing its collapse by advancing the genial 
tubercle and genioglossus muscle. This places the ge¬ 
nioglossus muscle under tension, thereby restricting 
posterior collapse of the tongue during sleep and re¬ 
sulting in relative forward fixation of the pharyngeal 
dilators. This operation maybe performed in conjunc¬ 
tion with palatopharyngeal surgery, or at a later time 
in the event of palatopharyngeal surgery failures. 

The sliding genioplasty (Fig. 40.1) involves ad¬ 
vancement of the chin and a portion of the inferior 
mandibular border with attached muscles. This re¬ 
sults in forward movement of the genioglossus, ge¬ 
niohyoid, anterior digastric, and mylohyoid muscles 
and places anterosuperior traction on the hyoid bone 
with subsequent increase in posterior airway space. 
The pedicle tends to be well vascularized; however, 
there is risk of injury to the mental nerves, damage 
to tooth roots, symphyseal fracture, and poor esthetic 
result secondary to advancement of the chin point or 
shortening of height of the lower face [3], 
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Fig. 40.1. A sliding genioplasty showing the mandible, site of 
osteotomy, and the mandibular segment that was advanced. 
This results in the advancement of the chin and a portion of 
the inferior mandibular border with attached muscles, which 
in turn leads to forward movement of the genioglossus, genio¬ 
hyoid, anterior digastric, and mylohyoid muscles and places 
anterosuperior traction on the hyoid bone with subsequent 
increase in posterior airway space 



Fig. 40.2. A geniotomy (or genioglossus advancement) show¬ 
ing the mandible, osteotomy in the genoid tubercle area creat¬ 
ing a window of bone that encompasses the genial tubercle, 
and then the advancement and rotation of the bony window 
with the genial tubercle that is fixed in this anterior position, 
and thus leading to advancement of the genioglossus muscle 



Fig. 40.3. A mortise genioplasty showing osteotomy circum¬ 
scribed about the genial tubercle along with a small portion 
of the adjacent anterior inferior border of the mandible which 
allows for advancement of some additional musculature with 
the advancement of the genioglossus muscle 


attached genioglossus and there is no movement of the 
other anterior mandibular muscles or change in posi¬ 
tion of the chin point. A variation of this technique, 
the trephine osteotomy approach, involves creation of 
a circular osteotomy centered over the genioglossus 
insertion using a standardized system of instruments, 
trephine, and drill guide. Advantages of this technique 
may include reduced operative time, less bleeding, and 
decreased risk to the canine roots secondary to the cir¬ 
cular shape of the bone cuts [2, 5, 8]. 

A hybrid of the sliding genioplasty and geniot¬ 
omy techniques, the so-called mortise genioplasty 
(Fig. 40.3), incorporates an osteotomy circumscribed 
about the genial tubercle along with a small portion 
of the adjacent anterior inferior border of the mandi¬ 
ble so that advancement of some additional muscula¬ 
ture can occur with advancement of the genioglossus. 
Multiple variations of this technique have been devel¬ 
oped; however, most have been abandoned in favor of 
the geniotomy approach [3], 


Clinical Evaluation 


History and Physical Examination 


Geniotomy, or genioglossus advancement (Fig. 
40.2), which involves a limited rectangular osteotomy 
around the genial tubercle, can be performed to min¬ 
imize the risks encountered with sliding genioplasty. 
The isolated genial tubercle is then advanced with the 


The first step in evaluating individuals suspected of 
having OSAS is a detailed medical history. In addition 
to the typical medical history pertaining to OSAS, the 
surgeon needs to address issues that are of particular 
relevance for genioplasty. 
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The physical examination may be divided into 
general and upper-airway-specific examination. The 
general examination aims at detecting findings that 
predispose to or are associated with OSAS. Weight, 
height, and neck circumference are recorded and 
body mass index is calculated. 

The upper-airway examination aims at determin¬ 
ing the cause and site of airway narrowing and de¬ 
tecting anatomic abnormalities that are amenable to 
surgical correction. Fiberoptic transnasal endosco¬ 
py provides valuable information and is an essential 
component of the physical examination. Greater than 
30-40% narrowing of the airway at the level of the 
tongue-base-hypopharynx during a Muller maneu¬ 
ver suggests a poor outcome with uvulopalatopha- 
ryngoplasty [1,7], This latter subset of patients maybe 
candidates for genioplasty. 

A few patients with significant OSAS are thin and 
have no apparent anatomic abnormalities on physical 
examination, and their oropharyngeal inlet appears 
widely patent. 


Imaging 

The role of imaging in the workup of patients suspect¬ 
ed of having OSAS is controversial. Imaging studies are 
not routinely done because of their cost and the fact 
that they frequently do not add to the airway assess¬ 
ment by the physical examination. However, imaging 
studies are useful in the workup of patients with OSAS 
who have no apparent anatomic abnormalities on phys¬ 
ical examination, who have failed palatopharyngeal 
surgery, or for whom maxillofacial surgery is planned. 

Cephalometry is the most commonly performed 
imaging study for this purpose. It offers both bone 
and soft-tissue measurements, and is used for surgi¬ 
cal planning and predicting outcome. Its main draw¬ 
back is lack of normative data, especially for soft-tis¬ 
sue measurements. Findings that correlate with the 
diagnosis of sleep apnea are low hyoid bone position, 
long and thick soft palate, diminished size of the pos¬ 
terior airway space, increased distance from the tip of 
the tongue to the base of the vallecula, and facial skel¬ 
etal abnormalities (such as micrognathia) [4,11], 

Dental radiographs, including periapical and pan¬ 
oramic views, can be obtained to evaluate the over¬ 
all health and periodontal status of the dentition, as 
osteotomies near the apices of the teeth risk com¬ 
promise to the neurovascular supply traversing this 
area. These films also enable assessment of the relative 
length of the tooth roots and the height of bone infe¬ 
rior to the root apices, which may be helpful in plan¬ 
ning the location and configuration of the genioplas¬ 
ty osteotomy. Additionally, they may be used to esti¬ 
mate the site of genioglossus insertion, since there is 


often an area of increased bone density visible in the 
midline symphysis region corresponding to the ge¬ 
nial tubercle. 

Computed tomography (CT) has excellent air¬ 
way and bone resolution. It offers accurate determi¬ 
nation of upper-airway cross-sectional area and vol¬ 
ume and is helpful in evaluating the efficacy of den¬ 
tal appliances and maxillomandibular advancement 
in patients with sleep apnea. Spiral CT provides di¬ 
rect three-dimensional volumetric reconstruction of 
the images [6]. 

Magnetic resonance imaging (MRI) offers superi¬ 
or soft-tissue resolution, multiplanar imaging, three- 
dimensional reconstruction, ultrafast imaging tech¬ 
niques, and lack of radiation exposure. MRI is use¬ 
ful in evaluating the efficacy of soft-tissue surgery, but 
not in predicting surgical outcome in sleep apnea pa¬ 
tients [9], 

However, both MRI and CT are not routinely used 
in the clinical evaluation of patients with sleep apnea 
because of cost, supine imaging, poor prediction of 
surgical outcome, and the additional risk of radiation 
exposure with CT. 


Polysomnography 


Polysomnography (sleep study) is essential for the di¬ 
agnosis of sleep apnea. It serves to confirm the pres¬ 
ence of sleep apnea and exclude other causes of exces¬ 
sive daytime somnolence such as narcolepsy, insuffi¬ 
cient amount of sleep, and periodic limb movement 
disorder. Moreover, polysomnography determines the 
severity of the sleep apnea since the information ob¬ 
tained from the medical history and physical examina¬ 
tion in any particular patient is a poor indicator of the 
level of the disease severity [10]. In addition, polysom¬ 
nography allows for continuous positive airway pres¬ 
sure (CPAP) titration and initiation of CPAP therapy. 


Indications for Genioplasty 


Genioplasty is indicated for the treatment of patients 
suffering from OSAS with a respiratory disturbance 
index above 15 per hour of sleep and oxyhemoglobin 
desaturation to less than 87% that failed CPAP or are 
unwilling to use CPAP on a long-term basis. Docu¬ 
mentation of hypopharyngeal airway obstruction 
contributing to OSAS based on the physical examina¬ 
tion (including fiberoptic laryngoscopy) and/or imag¬ 
ing (typically cephalometry) is needed. The operation 
maybe performed as a same-stage operation with pal¬ 
atopharyngeal surgery or a second stage for failures of 
palatopharyngeal surgery. In addition, the operation 
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may be performed as the sole procedure to address 
the hypopharyngeal airway or in combination with 
other procedures that deal with the same region of the 
airway, such as hyoid myotomy and suspension, or ra¬ 
diofrequency reduction of the tongue base. 


Surgical Technique 


Sliding Genioplasty 

The lower lip is stretched taut. Infiltration of local an¬ 
esthesia with epinephrine is used for hemostasis. The 
mucosal incision is made from premolar to premolar. 
The incision is placed approximately 1-1.5 cm anterior 
to the depth of the gingivolabial sulcus. The mucosa is 
incised perpendicular to the surface; the blade angle is 
then changed so that it is tangential to the mucosa and 
perpendicular to the bone. The mentalis muscle is in¬ 
cised down to bone; the blade angle is perpendicular. 
The periosteum is dissected in a subperiosteal plane to 
expose the osteotomy site (Fig 40.4). The mental nerves 
are identified and preserved. A vertical mark is scored 
in the osteotomy segment for reference. A reciprocat¬ 
ing saw is used to make the horizontal osteotomy be¬ 
low the dental apices and mental foramina and is car¬ 
ried posteriorly to the molar region bilaterally. The bony 
segment is advanced on its soft-tissue pedicle and fixed 
into position with a lag screw or plate(s) (Fig. 40.1). The 
soft tissue is closed in layers, with reconstruction of the 
mentalis. A drain can be placed, but is not often neces¬ 
sary. A pressure dressing can be applied. 


Tips and Pearls 

Labial branches of the mental nerves can often 
be visualized superficially under the mucosa; 
these should be identified and preserved. 
Placement of the incision should allow an 
adequate cuff of mucosa for closure of the 
wound. Placement of the incision too close to 
the attached gingiva will make suturing diffi¬ 
cult as well as cause potential injury to the 
gingiva. 

Changing the angle of the blade allows clean 
incisions through both mucosa and mentalis 
and helps avoid perforation of the lip. 

Leave adequate cuffs of mentalis to reconstruct 
and avoid extensive stripping from the bone. 
Avoid excessive stripping of the periosteum 
when possible. Widely degloving the chin 
point can result in ptosis of the soft-tissue chin 
pad. 

Extending the osteotomy far enough posteri¬ 
orly positions the inevitable step at the inferior 
border under cover of thicker soft tissue and 


will be less noticeable. It also flattens the angle 
of the osteotomy, minimizing unwanted verti¬ 
cal shortening of the lower facial height with 
advancement of the chin. 

Failure to reconstruct the mentalis muscle can 
result in ptosis of the chin and lower-lip insuf¬ 
ficiency with unsightly exposure of the lower 
teeth. 

Watertight closure minimizes the risk of in¬ 
fection, wound breakdown, and exposure of 
hardware. A pressure dressing can help reduce 
hematoma formation. 


Geniotomy 

The incision is as for sliding genioplasty, except that it 
extends from canine to canine (Fig. 40.4). Subperios¬ 
teal dissection is only enough to expose the osteotomy 
site (Fig. 40.4). A rectangular bicortical osteotomy, ap¬ 
proximately 2 cm x 1 cm, is made with an oscillating 
saw and is centered over the genial tubercle. It should 
be approximately 5 mm or more below the root apices. 
The horizontal cuts should be parallel; however, they 
may be angled slightly upward to fully encompass the 
superior attachment of the genioglossus muscle. The 
bone segment with attached genioglossus is advanced 
until the lingual (inner) cortex of the fragment is an¬ 
terior to the labial (outer) cortex of the mandible. The 
bone segment is rotated until bone overlap is achieved 
(20-90°); the outer cortex and marrow are removed 
with a saw or rongeur (Fig. 40.2). The fragment is fixed 
with one or two lag screws. Wound closure and dress¬ 
ing are as described for sliding genioplasty. 


Tips and Pearls 

Bimanual palpation of the floor of the mouth 
can aid with estimation of the depth of the ge¬ 
nioglossus attachment. 

■ If the bone window is too small, there will be 
limited incorporation of genioglossus fibers; if 
it is too large, there is increased risk of dental 
injury and symphyseal fracture. 

Leave an adequate strut of bone at the inferior 
mandibular border, approximately 6-8 mm. 

If there is excessive bleeding, the bone frag¬ 
ment can be pushed toward the floor of the 
mouth and hemostasis achieved. 

A temporary screw can be placed in the center 
of the osteotomy fragment to facilitate ma¬ 
nipulation of the fragment. 

Overrotation of the bone fragment can result 
in avulsion of the muscle attachments or tor¬ 
sion/strangulation of the pedicle. 
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Fig. 40.4. Intraopera¬ 
tive view of the transoral 
excision and surgical 
exposure. The periosteum 
of the anterior mandible 
is elevated. Retractors are 
positioned to provide the 
exposure necessary to per¬ 
form a sliding genioplasty, 
geniotomy (or genioglossus 
advancement), or mortise 
genioplasty 



Complications are: 


Mandibular fracture 

Floor of mouth hematoma 

Edema of tongue and floor of mouth 

Injury to teeth/roots; devitalization of teeth 

Sensory changes in the labiomental region 

Wound dehiscence 

Necrosis of bone segment 

Infection 



In conclusion, the therapy of OSAS is multidisci¬ 
plinary and involves behavioral, medical, and sur¬ 
gical interventions. Surgery is typically reserved 


for CPAP failures. Genioplasty is one such surgery 
that aims at widening the posterior airway space 
in the region of the hypopharynx-tongue base. 
Genioplasty is technically simple; surgical out¬ 
come is not consistent, but can be improved with 
appropriate patient selection. 
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Core Messages 


■ Maxillomandibular advancement is the most 
effective procedure in the management of ob¬ 
structive sleep apnea. 

■ Maxillomandibular advancement achieves 
enlargement of the pharyngeal and hypo- 
pharyngeal airway by physically expanding 
the skeletal framework. 

■ Maxillomandibular advancement can be ef¬ 
fective in obstructive sleep apnea patients 
with or without facial skeletal deficiency. 

■ Although the facial esthetic is altered by 
maxillomandibular advancement, compro¬ 
mise in facial esthetics is uncommon. 

■ When properly performed, maxillomandib¬ 
ular advancement results in minimal adverse 
effects. 
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Introduction 


Since the first tracheotomy performed by Kuhlo [8] 
for the treatment of upper-airway obstruction in 
a “Pickwickien” subject, multiple operations have 
been developed for the treatment of obstructive 
sleep apnea (OSA). Ironically, tracheotomy still re¬ 
mains the most effective procedure for OSA. How¬ 
ever, owing to the associated morbidity with tra¬ 
cheotomy, patient acceptance is extremely poor. Of 
the remaining surgical procedures, maxillomandib¬ 
ular advancement (MMA) has been shown to have 
the best outcome. Initially, MMA was recommended 
in patients with significant maxillomandibular defi¬ 
ciency, which is a major risk factor and a well-rec¬ 
ognized predictor for OSA. It has been recognized 
that maxillomandibular deficiency results in dimin¬ 
ished airway dimension, which leads to nocturnal 
obstruction [7]. 


Tips and Pearls 

MMA achieves enlargement of the pharyngeal 
and hypopharyngeal airway by physically ex¬ 
panding the skeletal framework. 


In addition, the forward movement of the maxillo¬ 
mandibular complex improves the tension and col- 
lapsibility of the suprahyoid and velopharyngeal mus¬ 
culature. Moreover, MMA improves lateral pharyn¬ 
geal wall collapse [12], which has been shown to be a 
major contributor in OSA [17,18, 20], 

Although MMA has been primarily recommend¬ 
ed in OSA patients with significant maxillomandibu¬ 
lar deficiency, this operation is currently also advocat¬ 
ed for the treatment of OSA in patients with relatively 
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“normal” maxillofacial features as well. It appears that 
despite alteration of facial esthetics following MMA, 
only a minority of patients feet that their appearances 
are compromised [13,14], The explanation is such that 
since most patients with OSA are middle-aged adults 
with some soft-tissue sagging and facial aging, MMA 
“augments” the support of facial soft tissues, reducing 
soft-tissue sagging, which enhances the facial esthet¬ 
ics. Indeed, approximately half of patients feel that 
they appear more youthful following surgery; there¬ 
fore, the majority of patients can be considered for 
MMA for the treatment of OSA [13,14], 


Preoperative Evaluation 


Preoperative evaluation consists of a thorough head 
and neck evaluation combined with radiography (lat¬ 
eral cephalometric and panoramic radiographs) and 
fiberoptic pharyngolaryngoscopy. Fiberoptic airway 
assessment is helpful to assess the extent of tongue 
base/lateral pharyngeal wall collapse (Fig. 41.1). The 
lateral cephalometric radiograph provides informa¬ 
tion on the skeletal and airway dimension (Fig. 41.2). 
The panoramic radiograph is essential to evaluate the 
maxillary and mandibular anatomy, the dentition, 
as well as the position of the inferior alveolar neuro¬ 
vascular bundles. A thorough understanding of the 
anatomy will minimize the potential of injury to vital 
structures intraoperatively. 


Patient Consideration 


The majority of the surgeons consider MMA as “the 
procedure of last resort” and only recommend this 
surgical option when other “less invasive” proce¬ 
dures have been ineffective in sufficiently improving 
OSA. Clearly, this “staged” surgical concept is the 
most accepted practice. However, there is sufficient 
evidence demonstrating that MMA should be con¬ 
sidered as the first and only surgical option in some 
patients. 

Indications for MMA are: 


Patients with severe OSA without significant 
pharyngeal tissue redundancy 
Patients with significant maxillomandibular 
deficiency 

Young patients who require long-term resolu¬ 
tion of OSA 

Patients who desire the most effective single- 
stage surgery [1], 



Fig. 41.1. Fiberoptic evaluation, a Obstructed hypopharyn- 
geal airway, b Lateral pharyngeal wall collapse during Mullers 
maneuver 


Maxillomandibular Advancement 
Procedure 


The MMA procedure has been used for many years 
to correct skeletal facial deformities for malocclusion 
and is well described in the maxillofacial surgical lit¬ 
erature. However, it must be emphasized that MMA 
for the treatment of OSA is quite different from the 
conventional orthognathic procedure. Furthermore, 
bone grafting in the region of the osteotomies is of¬ 
ten necessary because of the significant extent of skel¬ 
etal advancement. 

Since the occlusion must be preserved while the 
maxilla and the mandible are advanced the same dis¬ 
tance, either arch bars or orthodontic bands are re¬ 
quired prior to the osteotomies. 

The surgical steps for MMA are as follows. 

A Le Fort I maxillary osteotomy is performed 
above the apices of the teeth. The maxilla is down- 
fractured after pterygomaxillary separation. The de¬ 
scending palatine arteries are identified and are pre- 
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Fig. 41.2. Cephalometric radiograph, a Normal cephalomet¬ 
ric radiograph, b Abnormal cephalometric radiograph; note 
the maxillomandibular deficiency and the reduced upper-air- 
way dimension 


served if possible. The mobilized maxilla is manipu¬ 
lated and advanced approximately 10-14mm. During 
the mobilization, the integrity of the descending pal¬ 
atine artery must be observed. If excessive tension is 
noted, the artery should be clipped and divided to 
prevent excessive bleeding due to tearing of the ves¬ 
sels. The maxilla is stabilized with rigid fixation us¬ 


ing four plates and the bone grafts are placed in the 
osteotomy sites. The alignment of the maxilla in re¬ 
lation to the mandible, dentition, and the face is cru¬ 
cial to ensure acceptable occlusion and aesthetics. 
The use of a prefabricated intermediate splint can im¬ 
prove the positioning and fixation of the maxilla in 
the advanced position. Mandibular ostoeotomy is 
performed via the sagittal split technique. The medi¬ 
al and lateral cortex of the mandible is separated at 
the ramus region while preserving the inferior alve¬ 
olar nerve. The dentated mandibular segment is ad¬ 
vanced the same distance as the maxilla; thus, occlu¬ 
sion is restored. Rigid fixation is achieved with three 
positional screws on each side (plates are often used to 
bridge the osteotomy sites to further ensure rigidity) 
after the mandible has been stabilized via intermax¬ 
illary fixation (Figs. 41.3, 41.4). Bone grafts are some¬ 
times used at the osteotomy sites to promote ossifi¬ 
cation. 


Perioperative Management 


It is well known that patients with OSA have an in¬ 
creased risk for perioperative airway compromise; 
therefore, anesthesia induction and intubation are es¬ 
pecially critical for OSA patients. A fiberoptic intuba¬ 
tion or tracheotomy with the patient awake should be 
considered in difficult airway situations, especially in 
obese patients with an increased neck circumference 
and associated skeletal deformities (significant man¬ 
dibular deficiency and low hyoid bone). The use of an 
arterial line for blood pressure monitoring should be 
considered. Although autologous blood transfusion 
can be used, it is not mandatory in the majority of the 
patients when there is a sufficient preoperative hemo¬ 
globin level. 

All patients are extubated awake in the operating 
room with intermaxillary fixation in place immedi¬ 
ately following surgery. Although some surgeons pre¬ 
fer wire fixation for intermaxillary fixation, the use 
of elastic fixation allows the patients to open their 
mouth if sufficient mouth-opening force is generat¬ 
ed, thus reducing the risk of aspiration or airway ob¬ 
struction. Wire cutters accompany the patients at all 
times. All patients are monitored in the intensive care 
unit for the first postoperative day. The use of nar¬ 
cotics should be closely monitored owing to the in¬ 
creased potential of airway compromise. The control 
of hypertension is important to reduce edema. Hu¬ 
midified oxygen (35%) via a face tent provides some 
relief for thickened airway secretions; thus, it is used 
throughout the hospitalization. 

The patients are transferred from the intensive care 
unit after the first day. When there is significant facial 
edema, fiberoptic airway evaluation should be con- 
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Fig. 41.3. Maxillomandibular advancement, a Before surgery, b After surgery 



Fig. 41.4. Maxillomandibular advancement, a Preoperative cephalometric radiograph, b Postoperative cephalometric radiograph 
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sidered to monitor the airway. Perioperative steroid 
coverage can be considered to limit the extent of ede¬ 
ma. Upon transfer to the regular ward, all patients are 
encouraged to ambulate and begin a liquid diet. The 
majority of patients are discharged on the second day. 
Discharge criteria include a stable airway, adequate 
oral intake of fluids, and satisfactory pain control. Fi¬ 
beroptic airway assessment is usually performed pri¬ 
or to discharge. The rigidity of intermaxillary fixation 
is reduced over the ensuing 4 weeks. A liquid diet is 
maintained for 4 weeks and a soft diet begins at the 
fifth week. A regular diet is resumed in 4-5 months. 


Surgical Outcomes 


As stated already, MMA is a highly effective surgi¬ 
cal treatment for OSA. The success rate is usually be¬ 
tween 75 and 100% [1, 3-6, 9, 15,16,19], with a long¬ 
term success rate approaching 90% [10, 11], In addi¬ 
tion, patient perception of the surgical outcome has 
been very favorable [2], Although MMA is considered 
a fairly invasive procedure, the associated surgical 
risks are low. Potential complications include bleed¬ 
ing, infection, malocclusion, and permanent numb¬ 
ness. The data from the literature support the findings 
from a recent review by the author. Three hundred 
and twenty consecutive patients underwent MMA 
in a 12-year period. Three hundred and five patients 
had sufficient preoperative and postoperative data for 
analysis. The mean age was 45±9.5 years. The mean 
pretreatment body mass index (BMI) was 32.7±6.7 
kg/m 2 and the posttreatment BMI was 32.0±6.0 kg/ 
m 2 . The mean pretreatment respiratory disturbance 
index (RDI) and the lowest oxygen saturation (LSAT) 
were 63.6±26.7 events per hour and 71.7±15.1%, re¬ 
spectively. The RDI improved to 10.5±10.0 events per 
hour (p<0.0001) and the LSAT improved to 86.9±6.7% 
(p<0.0001) after treatment. Two hundred and seven¬ 
ty-two patients (89%) achieved successful results ob¬ 
jectively and subjectively. There were no differences 
between the successful group and the incomplete re¬ 
sponder group in terms of age, RDI, and LSAT; how¬ 
ever, the mean BMI was greater in the incomplete re¬ 
sponder group (32.4±6.6 vs. 35.0±7.2 kg/m 2 ). 



MMA is an effective treatment for OSA and even 
though it is considered a fairly invasive procedure, 
it is generally well accepted, and when properly 
performed, it results in minimal complications. 
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Core Messages 


■ Maxillofacial skeletal deficiency in the fron¬ 
tal plane is a risk factor for obstructive sleep 
apnea. 

■ Maxillomandibular widening by distraction 
osteogenesis expands the airway and im¬ 
proves obstructive sleep apnea. 

■ When properly performed, maxillomandib¬ 
ular widening by distraction osteogenesis re¬ 
sults in minimal adverse effects. 
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Introduction 


It is well known that patients with obstructive sleep 
apnea (OSA) generally have a smaller airway than pa¬ 
tients without OSA. Maxillomandibular deficiency 
contributes to diminished airway dimension and is a 
well-recognized risk factor in OSA patients [5,9], Cur¬ 
rently, the most effective surgical treatment of OSA is 
maxillomandibular advancement (MMA). MMA en¬ 
larges the airway by physically expanding the skele¬ 
tal framework. 


Although the majority of emphasis in recognizing 
maxillomandibular deformity as well as maxillofa¬ 
cial surgery in managing OSA has been limited to the 
sagittal plane, recent data suggest that transverse de¬ 
ficiency of the maxilla and/or mandible is a potential 
risk factor in OSA patients. In a comparative study be¬ 
tween OSA patients and control subjects by Seto et al. 
[15], OSA subjects were found to have narrower, more 
tapered and shorter maxillary arches. Kushida et al. 
[12] found that the intermolar distance of the maxil¬ 
la is related to the presence of OSA. Cistulli et al. [3] 
have reported that patients with Marfan’s syndrome, 
in which maxillary constriction is a common finding, 
have increased incidence of OSA and elevated nasal 
resistance. The relationship of nasal resistance and 
maxillary morphology has long been recognized. The 
use of distraction osteogenesis to achieve widening of 
the maxillomandibular complex leads to expansion of 
the skeletal framework and enlarges the airway, an is 
thus is a potential treatment of OSA. 


History of Distraction Osteogenesis 
in the Maxillofacial Region 


The advent of skeletal expansion by slow osseous dis¬ 
traction (distraction osteogenesis) is not new and 
has been previously studied extensively in orthope¬ 
dic surgery. It has demonstrated acceptable feasibili¬ 
ty, efficacy, safety, and reproducibility of its treatment 
results. In its simplest form, distraction osteogenesis 
describes the generation of new bone in the stretched 
fracture callus. A screw-driven appliance that is firm¬ 
ly attached to the bone fragments slowly pulls apart 
the cut/or fractured bony edges, and new bone can fill 
in the stretched callus tissue. Distraction osteogenesis 
was first described by Alessandro Codvilla in 1905, 
who first reported the use of this technique in length¬ 
ening the long bone [4]. However, it is Ilizarov [8] who 
is credited with developing the current methods of 
distraction osteogenesis. Distraction osteogenesis in 
the maxillofacial region was first investigated by Sny¬ 
der et al. [16] in the canine mandible. Karp et al. [10] 
demonstrated that bone formation during distraction 
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osteogenesis in the maxillofacial region is similar to 
that of long bones, which is predominately by intra- 
membranous ossification. Surgical lengthening by 
distraction osteogenesis in the sagittal plane was first 
described by McCarthy at al. [13], who reported on 
the application of distraction osteogenesis of the hu¬ 
man mandible in pediatric patients in 1992. The sur¬ 
gical expansion of the maxilla and that of the mandi¬ 
ble by distraction osteogenesis were reported by Bell 
and Epker [1] and Guerrero [6], Distraction osteogen¬ 
esis is less invasive than the traditional technique. It 
requires less tissue manipulation, less blood loss, and 
has less skeletal relapse potential. 


Preoperative Evaluation 


Preoperative evaluation consists of a thorough head 
and neck evaluation combined with radiography (lat¬ 
eral and posteroanterior cephalometric as well as pan¬ 
oramic radiographs). Patients with significant maxil¬ 
lomandibular narrowing and/or the presence of cross 
bite are candidates for the procedure (Fig. 42.1). Fi¬ 
beroptic airway assessment is helpful to assess the ex¬ 
tent of airway obstruction in adults. The posteroante¬ 
rior cephalometric radiograph provides information 
on the skeletal and airway dimension. The panoramic 
radiograph is essential to evaluate the maxillary and 
mandibular anatomy and the dentition. The space be¬ 
tween the maxillary as well as the mandibular central 
incisor teeth is assessed to determine whether there is 
sufficient space to allow for the osteotomies in adults. 
A thorough understanding of the anatomy will mini¬ 


mize the potential of injury to the dentition as well as 
vital structures. 


Patient Selection 


Both adults and children with significant maxillo¬ 
mandibular narrowing and/or the presence of cross 
bite are candidates for the procedure (Fig. 42.1). Pa¬ 
tients with soft-tissue redundancy should have the 
soft tissue addressed by conventional surgery first 
(such as tonsillectomy or palatopharyngoplasty). 


Tips and Pearls 

In general, ideal candidates are children or 
young adults with mild or moderate OSA and 
who are willing to undergo mandatory orth¬ 
odontic intervention associated with the 
operation. 


Maxillomadibular Widening 


Maxillomandibular widening can be performed in 
the adult as well as in the pediatric population. In 
the pediatric population, maxillary widening usually 
does not require surgical intervention since the mid¬ 
palatal suture is not yet ossified. However, with fusion 
of the midpalatal suture after adolescence, osteotomy 
is required to facilitate the expansion. 
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Maxillomandibular Widening in Sleep Apnea Surgery 


The surgical technique is as follows. The procedure 
is performed in the operating room under general an¬ 
esthesia technique. Maxillary widening is achieved 
by a limited osteotomy in the Le Fort I level without 
downfracturing. A limited osteotomy in the midline 
of the maxilla is also performed (Fig. 42.2). The dis¬ 
traction device is usually placed by the orthodontist 
before surgery, and it is activated for 0.5 mm at the 
completion of the operation (Fig. 42.3). In the mandi¬ 
ble, a midline osteotomy is made, followed by applica¬ 
tion of the intraoral distraction device (Fig. 42.4). Fol¬ 
lowing a latency period of 5-7 days, the device is ac¬ 
tivated two to four times per day to achieve 1 mm of 
bone lengthening per day. 



Fig. 42.2. Maxillary osteotomy to facilitate widening of the 
maxilla. 













376 


Kasey K. Li 


42 




The total widening is determined preoperatively 
based on the patient’s anatomy, dentition, facial ap¬ 
pearance, and the severity of OSA. Typically, a widen¬ 
ing of 5-10 mm can be achieved. After the completion 
of distraction (approximately 1-3 weeks), the distrac¬ 
tion device is maintained for 2-3 months to facilitate 
ossification (Fig. 42.5, 42.6). The maxillary distrac¬ 
tion device is removed by the orthodontist, and the 
mandibular distraction device is removed under gen¬ 
eral anesthesia. 


Perioperative Management 


Since patients who undergo maxillomandibular wid¬ 
ening usually do not have severe OSA, the majority of 
the patients do not require observation in the inten¬ 
sive care unit setting. Patients are admitted to the re¬ 
covery room following surgery and are transferred to 
the regular ward. All patients are encouraged to am¬ 
bulate and begin a liquid diet. The majority of the pa¬ 
tients are discharged on the first postoperative day. 
Discharge criteria include a stable airway, adequate 


oral intake of fluids, and satisfactory pain control. A 
soft diet begins on day 10 and is continued until suffi¬ 
cient ossification occurs following distraction osteo¬ 
genesis, which is usually 2-3 months postoperatively. 


Surgical Outcomes 


Tips and Pearls 

Distraction osteogenesis offers several advan¬ 
tages over the conventional techniques by 
eliminating the need for bone grafting, and it 
involves less surgical dissection because bone 
lengthening is the result of natural bone heal¬ 
ing in a gap created by a simple osteotomy. 


The incremental skeletal movement allows accommo¬ 
dation of the soft tissue, thus enabling large skeletal 
movement that usually cannot be achieved by con¬ 
ventional techniques. The gradual soft-tissue accom¬ 
modation also improves the stability of the new skel¬ 
etal position. 

The major advantage in the application of distrac¬ 
tion osteogenesis for maxillofacial skeletal expan¬ 
sion is in the pediatric population where the access 
for the conventional procedure is limited, the vol¬ 
ume of bone is insufficient for the conventional pro¬ 
cedure, there is need for much greater skeletal expan¬ 
sion than the conventional technique can achieve, 
and there is potential for surgical scarring by the con¬ 
ventional procedure, which can negatively impact fu¬ 
ture facial growth. Both advancement and widening 
of the maxilla and mandible were shown to improve 
OSA. Maxillary widening improves nasal airway re¬ 
sistance [18,19], although the beneficial effect of max¬ 
illary expansion on nasal resistance may not be uni¬ 
formly achieved in all patients, and it appears that pa¬ 
tients with greater degrees of nasal resistance tend to 
have greater improvement after maxillary expansion 
[7, 20]. Nocturnal enuresis is improved in children 
[11, 17]. Cistulli et al. [2] performed maxillary expan¬ 
sion on ten OSA patients with maxillary constriction 
and improvement was achieved in nine of the ten pa¬ 
tients. The mean apnea-hypopnea index (AHI) was 
reduced from 19 events per hour to seven events per 
hour, and the mean maxillary expansion achieved 
was 12.1 mm. It is unknown whether mandibular 
expansion can be performed with maxillary expan¬ 
sion, and if simultaneous maxillary and mandibular 
expansion can improve sleep-disordered breathing. 
Pirelli et al. [14] treated 31 children with orthodontic 
maxillary expansion. Nasal resistance was improved 
in all patients. The AHI was reduced from 12.2 events 
per hour to less than one event per hour. The mean 
expansion was 4.32 mm. 
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Fig. 42.5. Clinical and radiographic images showing the maxillomandibular widening. Note the expansion of the intraoral 
volume and the airway space 



Fig. 42.6. Radiographic images showing the maxillomandibular widening 
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Distraction osteogenesis is a safe surgical tech¬ 
nique in the management of children or young 


adults with mild or moderate OSA. The incremen¬ 
tal skeletal movement allows accommodation of 
the soft tissue, thus enabling large skeletal move¬ 
ment that usually cannot be achieved by conven¬ 
tional techniques. 
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effective in children with a narrow nasopharynx, 
or in patients with muscular hypotonia. 

■ Primary or secondary orofacial skeletal devi¬ 
ations are treated in collaboration with ortho¬ 
dontics and/or maxillofacial surgeons if oral 
breathing and/or apneas continue after ade- 
notonsillectomy. Distraction treatment of the 
mandible and/or expansion of the maxilla are 
effective in these patients. 

■ Long-term tracheostomy is rarely indicated, but 
may be preferred to extensive surgery in early 
childhood. 


Core Messages 


■ For children every apnea of obstructive ori¬ 
gin is pathological. 

■ Snoring and apneas for an infant always re¬ 
quire special investigations including poly¬ 
somnography. 

■ Habitual snoring occurs in 6-10% of pre¬ 
school children and obstructive sleep apnea 
in 1-2.5%. 

■ The purpose of surgery is to increase the dia¬ 
meter of upper airways and if necessary stabi¬ 
lize hypotonic muscles, thereby allowing for 
nasal breathing, which is the prerequisite for 
future normal growth and development. 

■ The most prominent symptom of obstructive 
sleep apnea is snoring in combination with 
oral breathing. 

■ The open mouth posture may cause underde¬ 
velopment of the maxilla with bite abnormal¬ 
ities. 

■ Increased daytime sleepiness is often noticed 
as hyperactivity and/or restlessness. 

■ Primary and secondary enuresis is com¬ 
mon among children with sleep-disordered 
breathing. For very small children, “failure to 
thrive” is seen. 

■ Consider pulmonary hypertension in pa¬ 
tients with organic heart disease. 

■ Adenoidectomy solely or in combination with 
partial reduction of the tonsil is in most cases 
the first surgical choice. 

■ Full tonsillectomy is only indicated if a history 
of multiple infections exists together with ob¬ 
structive apneas. 

■ Avoid electrocoagulation in the tonsillar fos¬ 
sae, which causes unnecessary pain and an 
increased risk for delayed bleeding. 

■ Conservative uvulopalatopharyngoplasty with 
closing of the fossa supratonsillaris and 
partial resection of an elongated uvula are 
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What Is Obstructive Sleep Apnea 
in Children? 


Definition 

All obstructive apneas in children are pathological. 
The definition of obstructive sleep apnea (OSA) in 
adults is not valid for children. Instead of speaking 
about children with sleep apnea, we should instead 
use the term sleep-related breathing disorder. 


Etiology 

Children snore when their upper airways are too 
narrow with lower than usual negative pressures 
secondary to a Bernoulli effect. When these patients 
have sleep-related muscular hypotonia, the breath¬ 
ing will cause audible vibrations. As in adults, the 
most common anatomy that contributes to the snor¬ 
ing sound is the soft palate and uvula. The level of 
obstruction in patients with apneas is usually at the 
level of the base of the tongue. 

Children who snore at birth or before the age of 1 year 
usually have some congenital anatomical obstruction as 
a part of a congenital syndrome such as Pierre Robin 
syndrome, or are abnormally muscular hypotonic as in 
Down syndrome. When the snoring sound and apneas 
are produced in the laryngeal entrance, laryngomala- 
sia is included in the differential diagnosis. Snoring and 
apneas in an infant always requires special investigation 
including polysomnography. 


the breathing effort in children should be evaluated for 
treatment. Between 6 and 10% of preschool children 
are habitual snorers and 1-2.5% develop OSA [5,10]. 


Symptoms 

Snoring in infants does not necessarily cause loud 
noise: small children do not have the volume of mus¬ 
cles and size of the lungs which are necessary for 
strong sounds. The most prominent symptom is, how¬ 
ever, snoring in combination with oral breathing. The 
open mouth posture may in the long run cause abnor¬ 
mal development of the maxilla and mandible owing 
to the muscular influence and bite aberrations, since 
the tongue in the closed mouth normally acts like a 
mold for facial development [20]. 

When snoring becomes an effort, the child usual¬ 
ly also develops increased daytime sleepiness, which 
is very often noticed as an increased difficulty in con¬ 
centration and hyperactivity. Primary and secondary 
enuresis is common, and for very small children, a 
noticeable failure to thrive (which means low increase 
of length and weight irrespective of eating habits) be¬ 
cause of influenced output of growth hormone dur¬ 
ing the disturbed sleep. The children are usually also 
slow eaters and have a poor appetite. Most often these 
symptoms momentarily vanish after treatment [1, 2], 
As the condition continues to slowly develop, the par¬ 
ents do not always notice the problems as do visitors/ 
grandparents or day care personnel. In severe long- 
lasting OSA, funnel chest or other deformities of the 
thorax may develop (Fig. 43.1c, Video 43.1). 
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Epidemiology 

Waldeyer’s ring is poorly developed at birth, but then 
starts to grow, as a consequence of a normal immun¬ 
ological development. At the age of 2 years, the ade¬ 
noid is usually well developed and can create breath¬ 
ing problems for children with a narrow face. At the 
age of 4 years, many children also have a relative 
hyperplasia of the pharyngeal tonsils. These organs 
are necessary as a first line of defense both for the 
breathing and eating functions and for the develop¬ 
ment of B and T cells. In spite of the relative narrow¬ 
ing of the airway, not all children snore; they main¬ 
tain airway patency during sleep because of increased 
upper-airway neuromotor tone and an increased cen¬ 
tral ventilatory drive compared with adults [19]. 

Differences in muscular tone during sleep and in 
genetically influenced dimensions of the airway can 
make a difference such that one child develops OSA 
and another does not. All obstruction which increases 


How to Examine a Child 
with Suspected OSA 


Listen to the parents’ spontaneous story about 
the child’s sleep and their concerns. 

If possible, ask the parents to bring a video 
tape of their sleeping child. 

At the physical examination notice the child’s 
general behavior: sleepy, alert or restless? 

Look at general physical development. Breath¬ 
ing with open mouth? Audible breathing? 
Running nose? Any deformities of the rib 
cage, such as “funnel” chest? Overweight? 
Failure to thrive? 

Examine the oral cavity with respect to bite 
and teeth. Open mouth posture, open bite, 
overbite and cross bite? Narrow/high or nor¬ 
mal hard palate? Small mandible? These signs 
often confirm the case history of a long period 
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Fig. 43.1. A 12-year-old boy with sleep apnea, a Severe ob- like edge of the soft palate, d Throat after uvulopalatopharyn- 

structive sleep apnea due to mandibular hypoplasia. Primary goplasty ( UPPP ). Good passage to the nasopharynx. No snor- 

enuresis, hypersomnia, b Pronounced funnel chest which had ing, no enuresis, alert and considerable weight gain 
developed postnatally. c Throat preoperatively. Notice the web- 


When the history and clinical examination both sug¬ 
gest sleep-disordered breathing in an otherwise healthy, 
normally developing child, it is not always necessary to 
perform polysomnography before making a decision 
about whether or not to perform surgery. 

However, if the history suggests severe disease or 
you do not find large tonsils or an occluding ade¬ 
noid pad, partial polysomnography is necessary to 
verify the condition. In some cases, the sleep study 
is “therapeutic” as you can calm the parents that the 
child’s breathing is normal despite some snoring. In 
all cases where preoperative polysomnography has 
demonstrated apneas/hypopneas and/or oxygen de¬ 
saturation, a control postoperative polysomnogra¬ 
phy should be performed. 

All parents should also be informed that dur¬ 
ing further growth and development of the child, 
snoring and apnea may reoccur and in that case the 


of breathing obstruction, although a genetic- 
component most often also exists. Look at the 
accompanying parents and ask about their 
snoring history in childhood and later. 

What is the size of the tonsils in relation to the 
diameter of the throat during rest with a limp 
tongue and at provocation when the impact of 
the lower pole of the tonsils is evaluated? 

If possible, examine the nasopharynx with a 
mirror or optics but never palpate the naso¬ 
pharynx either with a mirror or with a finger 
in a nonanesthetized child. If examination 
with a mirror is not possible, a lateral X-ray 
may be necessary in children from 7 years and 
older. Younger children can always be expected 
to have an adenoid pad, which at least adds to 
the obstruction of large tonsils 
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child should be followed up for further investiga¬ 
tion and treatment. 

A partial polysomnography should include: 


Oximetry. 

Registration of apnea/hypopnea either 
through an electrostatic mattress or pressure 
transducers in the nostrils. Thermistors for 
apnea registration are not as reliable. 

Most children can accept electrodes measuring 
the electric impedance and the sleeping 
position. These are valuable tools for evaluation 
of the breathing effort. 

A full polysomnography is rarely necessary 
and in most places difficult to achieve for the 
pediatric population. 


For infants the registration should be as unintrusive 
as possible, which often means only the electrostat¬ 
ic mattress and an oximetry probe in combination 
with video. Very often the recording can be done at 
home after meticulous instruction of the parents. For 
children under 2 years and for children with severe 
symptoms, the registration should, however, be done 
in a sleep laboratory for accurate study. 


The Goal of Surgery in Children 
with OSA and the Methods Used 


The goal of surgery in children with OSA is to increase 
the diameter of the upper airway in order to decrease 
the tissue collapse by the Bernoulli effect and there¬ 
by resolve snoring and other obstructive symptoms. 
The surgery should always allow for normal future 
growth and development. 


Tips and Pearls 

In most children improvement is achieved by 
only performing an adenoidectomy or an ade- 
noidectomy plus some kind of reduction of the 
volume of tonsillar tissue. 

When abnormal hypotonia exists during sleep 
(as, e.g., with Down syndrome) conservative 
uvulopalatopharyngoplasty (UPPP) may be 
considered: increase of the airway through 
tonsil reduction and partial uvulectomy plus 
stabilizing of the hypotonic muscles by sutur¬ 
ing the tonsillar pillars together at the level of 
fossa supratonsillaris. 

When skeletal abnormalities narrow the air¬ 
way, the adenotonsillotomy procedure should 


be tried first and later orthodontic/maxillo¬ 
facial surgery can be involved, if necessary. 
Distraction treatment of the mandible and 
expansion of the maxillary suture are often 
very effective treatments in children (Fig. 43.2) 
[3,21]. 

When laryngomalasia causes the breathing 
obstruction, as diagnosed by direct laryn¬ 
goscopy, redundant tissue can be removed by 
laser treatment. 

Long-term tracheostomy may be indicated in 
infants until they grow wider airways and/or 
reduced hypotonia. 

As a rule, try continuous positive airway pres¬ 
sure (CPAP) before resorting to surgery. 


1. Snoring and sleep apnea in children may primar¬ 
ily be caused by: Stuffed nose (infections, allergy, 
foreign body) 

2. Adenoid hypertrophy 

3. Tonsillar hypertrophy 

4. Normal-sized adenoid in children with a genetic¬ 
ally “narrow” airway 

5. Normal-sized adenoid plus normal tonsils in chil¬ 
dren with a genetically “narrow” airway 

6. Muscular hypotonia 

7. Maxillofacial abnormalities narrowing the upper 
airway 

(a) Mandibular hypoplasia (Pierre Robin syn¬ 
drome) 

(b) Underdevelopment of the maxilla (Down 
syndrome) 

(c) Partial atresia of the choanae 

(d) Septal deviation or other nose deformities 

8. Laryngomalasia 

9. Different combinations of all the above conditions 
Snoring and sleep apnea may cause: 


Failure to thrive 

Pulmonary hypertension with cor pulmonale 
Funnel chest 

Abnormal bite (open bite, cross bite) 

Primary or secondary enuresis 

Daytime tiredness with/without hyperactivity 

Difficulties in concentrating 


Treatment involves: 


Treatment of infections and allergies 
Adenoidectomy 

Partial tonsillectomy (“tonsillotomy”) 
Tonsillectomy 
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Fig. 43.2. A 2-year-old boy with severe sleep apnea a Man¬ 
dibular hypoplasia, due to purulent infection in mandibular 
joints, b Distraction treatment with 1 mm widening each day. 


c New bone is formed in the “artificial” fracture, d The boy 
4 months later - decannulated and symptom-free 


Specific treatment with orthodontic correction/ 
distraction and expansion treatment or 
maxillofacial surgery 
CPAP 

Control of weight (let the child “grow into its 
weight”) 

Different combinations of all the above 
Tracheostomy in special cases where none of 
the above treatments work, or are applicable. 


Special Features of OSA According 
to the Age of the Child 


Children Under 2 Years 

Children with breathing difficulties early in life are 
special cases and have to be treated with that in mind. 
A birth trauma resulting in luxation of the nasal sep¬ 
tum can create breathing problems and the septum 
should be lifted into position as soon as possible. 

Pierre Robin syndrome and Down syndrome and 
other genetic syndromes often exhibit breathing prob¬ 
lems early in life. In those cases, CPAP may be a good 
solution until the child has grown enough. A tempo¬ 
rary tracheostomy may be life-saving, especially if or¬ 
ganic heart disease coexists. 

Laryngomalasia produces, as does tracheomala- 
sia, an increased breathing effort and may cause ap¬ 
neas. With mild symptoms, no treatment is indicat¬ 
ed as the softness will grow away and the symptoms 
disappear after the age of 2 years. However, suction of 
the inner parts of the larynx may result in redundant 
tissue in the laryngeal entrance which successively in¬ 
creases the child’s problem with apneas and desatura¬ 


tion. CPAP does not help in these cases, and can in¬ 
stead worsen the obstruction. Removal of the redun¬ 
dant tissue using a laser and leaving the surface open 
to heal seems to stiffen up the laryngeal entrance and 
cure the child’s breathing and concomitant eating 
problems. 


Children Between 2 and 4 Years 


A child who starts to develop obstructive problems 
between 2 and 4 years of age usually has a hyper¬ 
trophied adenoid as the main cause of obstruction 
and an adenoidectomy helps in most cases. Even if 
the tonsils are large (which they rarely are at that age), 
a full tonsillectomy is not recommended in the same 
surgical setting. The child needs the immunological- 
ly active tissue and the breathing problems will be at 
least partially resolved with the adenoidectomy. A 
small child with its smaller blood volume is also at 
greater risk from postoperative bleedings if both sur¬ 
gical procedures are performed together. 

If the tonsils are voluminous, a partial resection 
can be performed. Another reason to avoid a full ton¬ 
sillectomy is that when it is performed in early age, 
Waldeyers’ ring will compensate by hypertrophy of 
the lingual tonsils. That may result in a later recur¬ 
rence of the OSA, which is more difficult to treat [15]. 
The only reason for a full tonsillectomy would be 
recurrent tonsillar infections or peritonsillitis, which, 
however, are unusual in this age group. 

Distraction treatment is possible at this age as 
shown in Fig. 43.2 [21], This 2-year-old boy had suf¬ 
fered from sepsis postnatally with purulent infections 
in both mandibular joints, causing retarded growth of 
the mandible and a progressive OSA. After distract- 
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ion treatment, he was decannulated, but still need¬ 
ed CPAP for an additional 2 years. Today, at the age 
of 10 years, he has no apneas or snoring and a nor¬ 
mal bite. 


Children from 4 to 10 Years 

Children who start to snore or get worse between 4 and 
10 years of age usually have large tonsils as a result of 
subclinical or clinical infections or owing to a geneti¬ 
cally narrow airway and a normal physiological hyper¬ 
trophy of Waldeyers ring. The adenoid is still present, 
but usually diminishes in size before the age of 10 years. 
Primary enuresis and oral motor dysfunction can be 
the symptoms, in addition to the snoring and sleep dis¬ 
turbance. At the age of 4 years, there can be bite aberra¬ 
tions which can be related to the oral posture [17]. The 
earlier the condition is relieved the better is the prog¬ 
nosis for maxillofacial development [8]. 


From 11 to 18 Years 

During this period, children who were adenoidecto- 
mized in early childhood may start to snore again. 
This often begins in connection with an acute throat 
infection (strep throat or mononucleosis), but they 
then continue to snore after the acute situation has 
been resolved. Recurrent infections are more com¬ 
mon than among younger children and the obstruc- 
tion/OSA is usually a major problem only during 
these occasions. The parents are not bothered by the 
snoring as much since the youth sleeps alone. Day¬ 
time sleepiness is common, but may be related to 
several other reasons. Friends are commonly the ones 
who complain about the snoring during camp stays 
or stay-overs. 

The maxillofacial development progresses up to 
puberty. If an open mouth posture has existed up to 
that time, the bite aberrations may be severe [6], It is 
important that the orthodontists who treat the child¬ 
ren address the snoring and breathing problems and 
that they do not only try to correct the bite. Distract¬ 
ion or expansion treatments can still cure the OSA 
and improve the bite. However, since the OSA often 
has created secondary effects in the pharynx with re¬ 
dundant tissue, a conservative UPPP is also indicated 
even for cases without large tonsils [7] (Fig. 43.1, 
Video 43.1). 

A special group of adolescents are those who had 
cleft-palate surgery during early childhood. A poor 
nasal passage and pharyngeal opening predict snor¬ 
ing and OSA, and the treatment has to be balanced 
between breathing and speech difficulties. 


Surgical Methods Used for OSA 
and Snoring in Children 


The methods used for surgery of OSA in children can 
be performed using “cold” blunt dissection, a micro- 
debrider or hot-energy tools (cautery, electrosurgical, 
radiosurgical or laser devices). The tissue damage and 
therefore the postoperative morbidity is related to the 
mechanical trauma and the temperature involved. The 
author has chosen the ellman 4.0-MHz Surgitrone’ 
dual RF device as the optimal tool in this context but in 
the few cases where a full tonsillectomy has to be per¬ 
formed the microdebrider or coblation device are used 
before other electrosurgical tools [24], 


Adenoidectomy 

The child should be under general anesthesia, orally 
intubated or with a laryngeal mask. 

Two catheters are pulled through the nose out 
through the mouth by which the soft palate is pulled 
forward. A mirror is placed so that the nasopharynx 
can be easily viewed. The widest curette is placed as 
close to the nasal septum as possible and with pressure 
the adenoid is removed. An extra catheter is placed 
through the nose for suction of the blood. A cotton 
swab is pressed for hemostasis for at least 5 min after 
removal of all visible tissue, and inspection with the 
mirror completes the procedure. 

With use of the radiofrequency technique (ell¬ 
man Surgitron”), the procedure is performed approxi¬ 
mately in the same way, but without pressure and with 
reduced blood loss [22], With coblation or use of the 
microdebrider, the adenoid is removed slowly without 
blood loss, but the duration of the procedure depends 
on the experience of the surgeon [4,23]. 


Tips and Pearls 

□ It is important to perform adenoidectomy with 
full visualization of the nasopharynx, instead 
of using earlier-practiced blind procedures. 


Partial Intracapsular Tonsil 
Resection (Tonsillotomy) 


When the child’s main problem is caused by hyper¬ 
trophied tonsils possibly in combination with hyper¬ 
trophy of the adenoid, one should always consider 
how much of the tonsils have to be removed: 

1. What degree of reduction of the size of the tonsils 
is enough for the specific child? 
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2. Which technique is most suitable for the purpose? 

3. Are there differences in the outcome of different 
surgical techniques? 

For consideration 1: 


Most children up to their teens are operated 
on solely for obstructive symptoms. In those 
cases there is no reason to remove more of the 
tonsils than necessary. 

Long-term follow-up studies are available 
concerning the use of the CO2 laser (7 years) 
[14], coblation (2.5 years) and radiofrequency 
(3 years) to perform partial tonsillectomy, 
indicating a very low risk for recurrence of 
the tonsillar hypertrophy, and good long-term 
resolution of snoring. 

If tonsillar tissue regrowth occurs, it is likely 
that a repeat tonsillotomy will be sufficient, 
but thus far a full tonsillectomy is almost 
always proposed. 

A child with tonsillar hypertrophy and with 
suspected hypotonia as the cause of breathing 
difficulties may not be helped by a full tonsill¬ 
ectomy as the empty muscular hypotonic 
fossae may grow together and the distance 
between the base of the tongue and the poste¬ 
rior pharyngeal wall be decreased. Remaining 
tonsillar tissue within the fossa may act to 
keep the pharynx more open. 


For consideration 2: 


The best technique is the one the surgeon is 
most familiar with. 

Bleeding after tonsillectomy is reported with 
all full tonsillectomy techniques 
[25], When partial tonsillectomy is performed, 
bleeding is not an issue since no major blood 
vessels are situated within the tonsillar tissue. 
The surgeon should be familiar with the spe¬ 
cial features of all energy-related instruments 
available for tonsillectomy. 


For consideration 3: 


All different techniques where some tonsillar 
tissue is left in the tonsillar fossa demonstrate 
a quicker recovery and much less postopera¬ 
tive pain compared with full extracapsular 
tonsillectomy [11-14,16], 

One would suspect an increased risk for throat 
infections with partial tonsil resection com- 
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pared with complete tonsillectomy. However, 
studies have not reported any differences with 
regard to treatment with antibiotics for throat 
infections between tonsillectomized and ton- 
sillotomized children. 


How I Do It 


Intracapsular Partial Tonsillectomy with the 
ellman Surgitron® dual RF 4.0 MHz Device 


The ellman Surgitron® dual-RF 4.0 MHz device is 
shown in Fig. 43.3 and the procedure is demontrated 
in Video 43.2. 

The patient is anesthetized, orally intubated and a 
David-Meyers mouth gag inserted to get a good over¬ 
view of the tonsils all the way down to the lower pole 
Two neutral electrodes (antennas) are placed one un¬ 
der each shoulder. One of the electrodes is connected 
to the machine. 

The tonsils are inspected and checked for super¬ 
ficial blood vessels. On the posterior side you should 
also check to see if there is a cleft between the ton¬ 
sil and the posterior pillar and how deep it is. Local 
anesthesia including a vasoconstrictor (0.25% Mar- 
cain-epinephrine) is injected into the tonsillar tissue. 
It should be injected slowly in order to avoid leaking 
of the solution out through the crypts. Depending on 
the child’s age and the tonsil size, 2-5 ml is used in 
each tonsil (Fig. 43.4a). Surgery is begun on the side 
where the antenna is connected. 

A 2-cm-wide gauze strip is placed into the grove 
between the tonsil and the posterior pillar in order to 
protect the posterior pillar (Fig. 43.4b). A needle elec¬ 
trode is attached and the Surgitron® is activated. You 
should look for superficial vessels and coagulate these 
using 10-W coagulation mode. 

Change to cutting mode and increase the output to 
15 W. Make an incision parallel with the anterior pil¬ 
lar without holding/pulling the tonsil. Try to go over 
the upper pole (Fig. 43.4c). Pull on the tonsil with for¬ 
ceps so the incision opens up a little. 

Change to cut/coagulation mode with 40 W and 
cut through the tonsil with a smooth movement down 
to the gauze which protects the pillar (Fig. 43.4d). If 
there was no grove between the tonsil and the posteri¬ 
or pillar to push the gauze strip into, cut through half 
of the tonsil first, stop, lift it upwards and do the final 
cutting from behind. Take an ordinary tonsillar swab 
and press for about 1 min against the remaining ton¬ 
sillar surface. 

Use the needle electrode and lower power setting 
when close to the muscles. Be careful - avoid remov¬ 
ing too much tonsillar tissue and keep to the first inci- 
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Fig 43.3. Surgitron* 
dual-frequency 4.0-MHz 
device (Ellman, New York, 
USA), a Device console, b 
Electrodes used for tonsil¬ 
lotomy and conservative 
UPPP 
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sion line. If there is bleeding, put a new swab in place 
and do the other side after changing to the other an¬ 
tenna. Remaining bleeding small vessels are coagu¬ 
lated using a needle or the ball electrode (Fig. 43.4e) 


Conservative UPPP 

The indication is narrow maxilla with a sharp angle 
between the tonsils and in cases where muscular hy¬ 
potonia during sleep is the major problem. Children 
with Down syndrome are always candidates. 

Perform a tonsillectomy or if there is a fossa supra- 
tonsillaris a partial intracapsular tonsillectomy (Fig. 
43.5). Remove the mucus membrane in the fossa su- 
pratonsillaris all the way to the root of the uvula. Ex¬ 


tirpate a half-moon-shaped piece of the mucus mem¬ 
brane above the uvula (Fig. 43.5c). 

Remove redundant tissue from around the uvula. 
Do not damage the posterior pillars or the membra¬ 
nous lining of the uvula. Suture the upper part of the 
pillars (fossa supratonsillaris) together, thereby pull¬ 
ing the posterior pillar forward. Be careful to get the 
sutures through muscle. Use 00 Vicryl. Close the in¬ 
cision above the uvula, let the suture go into the mus¬ 
cle layer. Use 000 Vicryl (Fig. 43.5d). 

Figure 43.5e shows the result 6 weeks after sur¬ 
gery. Notice the widening of the entrance to the naso¬ 
pharynx and the fibrosis where the sutures were. 
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Fig. 43.4. Partial intracapsular tonsillectomy (tonsillotomy) 
with the Surgitron* dual-frequency 4.0-MHz device. A In¬ 
jection of local anesthetics into the tonsils, to increase fluid 
content. B Application of a gauze strip through the fossa su- 


pratonsillaris to protect the posterior pillars. C Incision of the 
tonsil surface parallel to the anterior pillar D Cutting through 
the tonsil with the HTZ electrode E End result: small, normal¬ 
sized tonsils 



Fig. 43.5. Conservative UPPP. a Preoperative status in a 12- 
year-old boy with severe obstructive sleep apnea due to mus¬ 
cular hypotonia during sleep. Hypersomnia, hyperactive, loss 
of concentration, poor school performance, b Full tonsillec¬ 
tomy. c Removal of mucosa in fossa supratonsillaris and an 


oval incision of mucosa over the uvula, d Deep sutures in fossa 
supratonsillaris as well as over the uvula, e End result: Note 
the fibrosis where the sutures were placed - normal sleep and 
alertness, improved grades in school 
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Tonsillectomy: Blunt Dissection 


The child should be under full anesthesia, intubated 
or using a laryngeal mask. Sufficient premedication 
is used to reduce postoperative pain, but intravenous 
morphine is usually necessary. 

Local anesthesia including epinephrine is applied 
under the mucus membrane of the tonsil medially of 
the anterior pillar. The tonsil is grabbed with tonsil 
forceps and pulled medially so that the mucous mem¬ 
brane can be incised at the bottom of the fossa supra- 
tonsillaris and the tonsil be freed outside of its capsule 
without damage to the anterior pillar. 

Continue to dissect inferiorly in the plane between 
the tonsillar capsule and the tonsillar fossa. Clamp 
visible blood vessels successively in advance with fine 
arterial forceps if needed, but as you dissect along the 
tonsillar capsule you rarely have to ligate them. Leave 
as much as possible of the mucus membrane intact 
also on the posterior pillar, thereby minimizing the 
extracapsular wound. At the lower pole dissect the 
tonsil free. If the pharyngeal tonsil continues into the 
lingual tonsil, arterial forceps can secure the end and 
a suture ligature may be needed. 

If there is bleeding, find the vessels and use fine ar¬ 
terial forceps and ordinary ligatures. Do not use dia¬ 
thermy in the tonsillar fossae because there is a higher 
risk for late postoperative bleeding [25] and pain. 


Postoperative Care 


Most children operated on for OSA can be sent home 
after a few hours of observation (6-8 h). The breath¬ 
ing obstruction will be immediately relieved after ad- 
enoidectomy and tonsil surgery. The risk for postop¬ 
erative bleeding is decreased if partial tonsil reduc¬ 
tion is performed and the time for the child to return 
to normal activity is shortened [12,16]. 

Pain relief is the most important part of care re¬ 
sponsibility for the parents, who should be given a 
written schedule for medication. Diclophenac in com¬ 
bination with paracetamol is usually sufficient ini¬ 
tially [18]. The parents and children are instructed to 
evaluate the pain using a pain scale before meals and 
to withdraw the medication successively while keep¬ 
ing pain “below 3” on the 7-graded scale, where 0 is 
no pain and 6 the worst possible. Antibiotics or ste¬ 
roids are only indicated in selected cases. 

No restrictions concerning food or activity are 
necessary. 


Complications 


As for all tonsil surgery, the risk for primary and- 
secondary bleeding has to be considered [25], 

The risk for bleeding is less in a calm and pain-free 
child: 


Minor bleeding can be stopped by the child 
sucking on ice cubes. 

Desmopressin given intravenously or as a na¬ 
sal spray will often be sufficient, both in 
normal children and in ones with unsuspected 
coagulation abnormality. 

If fresh blood is oozing out of the mouth, a 
small child usually has to be taken back to the 
operating theatre for bleeding control. 

An older child can be treated locally by injec¬ 
tion of local anesthetics containing epineph¬ 
rine and coagulation of bleeding vessels can be 
done with silver nitrate sticks. 

If it is necessary to reoperate, identify bleeding 
vessels and ligate them. Do not use electro¬ 
coagulation. 

If the bleeding has stopped when the patient is 
anesthetized, try to estimate from which area 
the blood originated and apply hemostatic 
material in that location. Avoid placing sutures 
deep in the muscles to avoid injury to neigh¬ 
boring large blood vessels. 

If major bleeding occurs in a child, manually 
compress the vessels before attempting defini¬ 
tive treatment. 

If there is a secondary bleeding, an infection is 
often part of the cause and antibiotics should 
be prescribed 


In children with an undiagnosed submucous cleft 
or genetic underfunction of the palatal muscles or 
short soft palate, an adenotonsillectomy may cause 
speech problems with air leakage through the nose. 
This complication can be avoided by preoperative- 
ly identifying the anomaly. Always suspect the con¬ 
dition if there is a bifid uvula. In such cases, a “high 
adenoidectomy” can be performed, which means that 
only the part of the adenoid covering the choanae and 
the ceiling of the nasopharynx is removed. The por¬ 
tion of the adenoidal tissue on the posterior wall of 
the nasopharynx is left intact, since it participates in 
the closing at phonation. In the child who has devel¬ 
oped speech problems, speech therapy may be benefi¬ 
cial, but in the worst cases pharyngeal reconstruction 
may be necessary. 
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Although the symptoms are resolved after surgery, the 
parents should be informed that there is a risk that the 
snoring, apneas and other symptoms may recur and if 
this occurs they should again contact a physician. 

The reasons for recurrence can vary: 


If the original surgery has not accomplished 
transition to nasal breathing, there is risk that 
negative maxillofacial development continues 
with recurrence of symptoms, either in the 
teens or in adulthood. The child who contin¬ 
ues to have predominantly oral breathing 
should be evaluated with respect to additional 
treatment of rhinological problems (allergy) 
or be referred to an orthodontist, even if the 
snoring and apneas have improved after pri¬ 
mary surgery. 

After isolated adenoidectomy, hypertrophied 
tonsils may contribute to worsening snoring 
and disturbed sleep. This problem can partly 
be avoided if partial resection of the tonsils is 
performed routinely with adenoidectomy. 

If both adenoidectomy and a full tonsillectomy 
have been performed, later development of 
lingual tonsils may create new breathing prob¬ 
lems. This problem is avoided by never doing 
an adenotonsillectomy in infants. 


Conclusion 


-▼ 

Sleep apnea in adults is a chronic disease which 
can be treated symptomatically, but seldom 
cured permanently. If sleep apnea is diagnosed 
and treated adequately in early childhood most 
children will be cured. Some will experience a re¬ 
turn of symptoms during their physical develop¬ 
ment [6], but there will still be an opportunity 
for improvement once again and for normal de¬ 
velopment if sufficient treatment is given early 
enough [8]. 
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Core Messages 


■ Careful patient selection minimizes the risk 
of postoperative respiratory complications 
following palate surgery for obstructive sleep 
apnea. 

■ Excision of the soft palate in a rectangular 
fashion with preservation of the posterior 
tonsillar pillars may prevent scar contracture 
and nasopharyngeal stenosis after uvulopal- 
atopharyngoplasty. 
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Early Complications 


Respiratory Compromise 

The most common and potentially severe complica¬ 
tion of palate surgery in the early postoperative peri¬ 
od is respiratory compromise. The severity of respi¬ 
ratory compromise is variable and may involve mild 
oxygen desaturation, airway obstruction, or postob¬ 
structive pulmonary edema (POPE). Patient selection 
is important in minimizing the risk of postoperative 
respiratory compromise. In general, patients with se¬ 


vere comorbidities or apnea-related cardiac events are 
not good candidates for palate surgery for obstructive 
sleep apnea (OSA) treatment. When positive pressure 
therapy fails, such patients should be offered trache¬ 
ostomy. 

Multiple authors have examined rates of respira¬ 
tory complications following uvulopalatopharyngo- 
plasty (UPPP) [3, 7,10,11,14, 15]. Unfortunately, def¬ 
initions of respiratory complications vary widely in 
these studies, with some authors only including ma¬ 
jor respiratory complications such as reintubation, 
emergent tracheotomy, pneumonia, and pulmonary 
edema. 


Tips and Pearls 

I Mild oxygen desaturation is the most common¬ 
ly observed respiratory complication in the ear 
ly postoperative period. 


Since upper-airway surgical procedures are not im¬ 
mediately curative, the oxygen desaturation that OSA 
patients experience preoperatively is not expected to 
immediately resolve. In certain patients, postopera¬ 
tive edema and narcotic use may potentiate obstruc¬ 
tive tendencies, causing worsening of symptoms in 
the short term. In general, postoperative oxygen de¬ 
saturation is comparable to that observed during pre¬ 
operative polysomnography [2, 15], Riley et al. [14] 
reviewed 182 patients having surgery for OSA and 
found that six patients desaturated to the upper 80% 
range in the first two postoperative days. Hathaway 
and Johnson [7] recently reviewed 110 patients under¬ 
going UPPP with or without concomitant septoplas¬ 
ty. Three percent of patients had oxygen desaturation 
in the recovery room. 


Postobstructive Pulmonary Edema 


Tips and Pearls 

POPE may occur after sudden relief of chronic 
upper-airway obstruction. 
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The chronic upper-airway obstruction is associat¬ 
ed with an intrinsic positive end expiratory pressure 
(PEEP) due to expiration against a partially obstruct¬ 
ed airway. This PEEP causes increased intrathoracic 
pressure compensating for the more negative intratho¬ 
racic pressure generated during inspiration against a 
partial obstruction. When the obstruction is relieved, 
there is increased venous return and pulmonary blood 
volume favoring transudation of fluid from the vascu¬ 
lature to the interstitium of the lung [6]. 

Spiegel and Raval [15] performed a literature re¬ 
view of postoperative complications following UPPP 
combined with a review of their own experience. One 
case of POPE was observed in 1,004 patients undergo¬ 
ing UPPP. POPE is more commonly observed follow¬ 
ing tracheotomy for upper-airway obstruction giv¬ 
en the more severe nature of obstruction in patients 
requiring tracheotomy and because tracheotomy re¬ 
sults in sudden complete relief of obstruction. Experi¬ 
ence in these patients has shown that POPE occurs in 
the early postoperative period. Treatment for POPE 
consists of mechanical ventilation and PEEP, which is 
weaned over 1-2 days. 


Airway Complications 

Another potential complication of palate surgery for 
OSA involves loss of the airway owing to difficult in¬ 
tubation. Anatomic factors related to the difficult air¬ 
way may also predispose a patient to OSA. Riley et 
al. [14] described difficult intubations in 18.6% of 182 
patients undergoing UPPP. They observed a positive 
correlation of difficult intubations, neck circumfer¬ 
ence (greater than 45 cm) and skeletal deficiency (sel- 
la-nasion point B less than 75°). 


Tips and Pearls 

Difficulty with intubation may lead to an air¬ 
way emergency during anesthesia induction 
or in the immediate postoperative period. 


A number of near-fatalities due to inability to estab¬ 
lish an airway during UPPP have been described. The 
first 5-10 min following extubation is critical as this 
is when airway emergencies due to premature extu¬ 
bation manifest. In this situation, the patient must 
be paralyzed to afford the team a chance to reintu¬ 
bate the patient. Failure to respond swiftly may result 
in death. Avoidance of this complication is the best 
strategy. The surgeon should be present during intu¬ 
bation and equipment for fiberoptic intubation readi¬ 
ly available. Following surgery, the patient should not 
be extubated until fully awake, following commands, 
and breathing adequate tidal volumes. 


Tips and Pearls 

To avoid airway complications following sur¬ 
gery, the patient should not be extubated until 
fully awake, following commands, and breath¬ 
ing adequate tidal volumes. 


Bleeding 

The incidence of bleeding following UPPP is between 
2 and 14% [15]. Although bleeding may occur in the 
immediate postoperative period, it is much more 
common after several days. Life-threatening hemor¬ 
rhage has been reported, but is extremely rare. Bleed¬ 
ing is much less common following laser-assisted 
uvulopalatoplasty (LAUP). Madani [13] reported 12 
of 5,600 (0.21%) patients experienced bleeding in the 
24 h following the procedure. The risk of bleeding re¬ 
solves when the mucosa is healed. Sutures that are 
properly placed and tied during UPPP should reduce 
this risk. The risk of bleeding can also be minimized 
by a careful preoperative history to elucidate potential 
bleeding diatheses and exclude the use of anticoagu¬ 
lant medications and herbal supplements. 


Long-Term Complications 


Velopharyngeal Insufficiency 

Velopharyngeal insufficiency (VPI) is defined as the 
inability to close the velopharyngeal sphincter be¬ 
tween the oropharynx and nasopharynx owing to an 
anatomical or functional defect. VPI may cause hy¬ 
pernasal speech, nasal air emission, and weak conso¬ 
nants. Patients with VPI may also experience nasal 
regurgitation of saliva and other liquids during swal¬ 
lowing. Palatal closure depends on both the central 
contraction of the musculus uvulae as well as the el¬ 
evating action of the levator palatini muscles which 
originate from the Eustachian tube and course infer- 
omedial to interdigitate in the midline. 

Tips and Pearls 

VPI results from excessive excision of the pal¬ 
ate in the midline during UPPP [3], 


While temporary VPI is common following palate 
surgery, permanent VPI is rare. Fairbanks [3] report¬ 
ed 42 cases of permanent VPI after UPPP in his sur¬ 
vey of 72 institutions. VPI may also occur after LAUP 
owing to overexcision of a thin soft palate. VPI fol¬ 
lowing LAUP or radiofrequency treatment of the soft 
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palate is extremely rare, with a reported rate of 0.01% 
[13]. Surgical correction of VPI following palate sur¬ 
gery can be difficult owing to scarring and shortening 
of the soft palate. 


Tips and Pearls 

Sphincter palatoplasty or a superior pharynge¬ 
al flap may result in improvement in VPI symp 
toms [8]. 


Nasopharyngeal Stenosis 

Nasopharyngeal stenosis (NPS) involves partial or 
complete obstruction between the nasopharynx and 
oropharynx due to concentric scar contracture of the 
tonsillar pillars and posterior pharyngeal wall (Fig. 
44.1) [16]. NPS results from excessive resection of mu¬ 
cosa. Management of bleeding with nasopharyngeal 
packing and electrocautery has also been cited as a 
cause of NPS. Other technical errors resulting in NPS 
include excessive excision and cautery of the posteri¬ 
or tonsillar pillars or undermining of the lateral and 
posterior pharyngeal walls. Concomitant adenoid- 
ectomy also increases the risk of NPS [12]. NPS can 
cause nasal airway obstruction, hyponasal speech, 
rhinorrhea, and rarely worsening of OSA symptoms. 
The true incidence of NPS is unknown but is estimat¬ 
ed to be less than 1%. 


Tips and Pearls 

The risk of velopharyngeal stenosis during 
UPPP can be minimized by leaving the poste 
rior tonsillar pillar intact. 

As described by Fujita at al. [4], the posterior tonsillar 
pillars and soft palate are pulled forward to avoid an 
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injured surface on the posterior palate that could po¬ 
tentially scar [3], Krespi and Kacker [12] reported 18 
patients with NPS following UPPP. The severity of the 
stenosis ranged from mild to severe. All patients had 
adequate nasopharyngeal lumens following treatment 
with the CO2 laser with or without a nasopharyngeal 
obturator. Other treatments for NPS include scar re¬ 
vision with or without skin grafting and scar excision 
with maxillofacial prosthesis [3]. 


Scar Contracture 


Following surgical treatment of the palate, the natu¬ 
ral tendency is for the palate to form a cicatricial scar 
(Fig. 44.2). Such scar formation can cause narrowing 
of the oropharynx and worsening of OSA symptoms. 
Surgical technique should be aimed at avoiding scar 
contracture of the palate. Specifically, during UPPP 
the palate should be excised in a rectangular fashion. 
This maximizes the aperture of the oropharyngeal 
airway while avoiding excessive resection in the mid¬ 
line. Tacking sutures at the corners serve to lateralize 
the posterior pillars. 


Tips and Pearls 

During UPPP the palate should be excised in a 
rectangular fashion, which maximizes the 
aperture of the oropharyngeal airway while 
avoiding excessive resection in the midline. 


Fibrosis and contracture of the palate is perhaps even 
more common after LAUP. Berger and colleagues 
prospectively studied 25 patients undergoing LAUP 
to determine the long-term results. They found that 
the short-term favorable results after LAUP deterio¬ 
rated over time. In fact, they observed a worsening of 
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Fig. 44.2. Preoperative 
and postoperative intraoral 
photographs of a patient 
who underwent type 1 
laser-assisted uvulopalato- 
plasty. a Preoperative view, 
b Immediate postoperative 
view, c Late postoperative 
view; note severe medial 
scar contracture of the pos¬ 
terior pillars (white arrows). 
(From [1], copyright 2001, 
American Medical As¬ 
sociation) 
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the RDI in 60% of patients at follow-up polysomnog¬ 
raphy 5-48 months after LAUP. They attribute these 
results to progressive fibrosis of the soft palate initiat¬ 
ed by thermal damage from the laser beam [2, 7]. 


Surgical Failure 

Failure to improve the symptoms of OSA is perhaps 
the most common complication of palate surgery. The 
efficacy of individual surgical procedures is well de¬ 
scribed in other chapters. However, there are gener¬ 
al considerations that apply to all surgical procedures 
for OSA. 


Tips and Pearls 

Patient selection is possibly the most important 
factor in determining success for a given pro¬ 
cedure. 


Patients with severe comorbidities or apnea-related 
cardiac events are generally not appropriate candi¬ 
dates for palate surgery. When these patients are un¬ 
able to be effectively managed with positive pressure, 
they should be offered tracheostomy as the minimal 
procedure. 

Recognition of other sites of upper-airway ob¬ 
struction is also important in effectively treating 
the OSA patient. The tongue base, lateral pharynge¬ 
al walls, and epiglottis may all contribute to obstruc¬ 
tion. Careful preoperative flexible endoscopic exami¬ 


nation should provide useful information in develop¬ 
ing a plan of treatment. 

Finally, in the overweight or obese patient, the im¬ 
portance of weight control in treating OSA cannot be 
overemphasized. 


Oropharyngeal and Voice Complaints 

Hypogeusia has been reported as a complication of 
palate surgery but is seemingly rare. Possible mech¬ 
anisms include direct or thermal injury to the glos¬ 
sopharyngeal nerve or its lingual branch [9], Patients 
may also experience pharyngeal dryness or globus 
sensation following palate surgery. These symptoms 
are rarely permanent. 

Finally, patients may report voice changes follow¬ 
ing palate surgery. While some investigators have 
not found any persistent changes in vocal function 
after UPPP [5], Tewary and Cable [17] prospective¬ 
ly studied patients undergoing UPPP for voice and 
speech changes and found that the fundamental fre¬ 
quency was significantly lower in patients undergo¬ 
ing UPPP compared with those undergoing tonsil¬ 
lectomy. 


Tips and Pearls 

While many patients may not be affected by or 
even notice such voice changes, professional 
voice users should be counseled preoperatively 
as to this potential outcome. 
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Conclusion 


-▼ 

Careful patient selection and meticulous surgical 
technique may reduce the risk for complications 
associated with UPPP. To avoid airway complica¬ 
tions following surgery, the patient should not 
be extubated until fully awake, following com¬ 
mands, and breathing adequate tidal volumes. 
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Core Messages 


■ Systematic approach in preoperative evalua¬ 
tion and postoperative management is man¬ 
datory to avoid failure in obstructive sleep 
apnea syndrome (OSAS) surgery. 

■ Pathologic factors leading to airway obstruc¬ 
tion such as alcohol consumption and drug 
use, and the predisposing systemic diseases 
such as hypothyroidism must be eliminated 
preoperatively. 

■ The relationship between obesity and OSAS 
should be explained to the patient. Postoper¬ 
ative weight gain must be prevented. 

■ The apnea-hypopnea index is not a summa¬ 
ry of polysomnographic evaluation. To study 
obstructive sleep apnea treatment outcomes, 
all parameters of polysomnography must be 
determined, and bias of the test must be con¬ 
sidered. 

■ Definition of success is not standardized as 
of yet. Because of this, study results cannot 
be compared without confusion. 
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Introduction 


Surgical treatment of obstructive sleep apnea syn¬ 
drome (OSAS) started with tracheotomy as it bypass¬ 
es the whole upper airway and eliminates all possible 
obstruction. However, maintaining a tracheostomy in 
obese patients is difficult and patients in general resist 
accepting the procedure. 

In 1981, Fujita [14] introduced the uvulopalatopha- 
ryngoplasty (UPPP) procedure, which targets only the 
obstructed velopharyngeal site during sleep, and dur¬ 
ing the same period, continuous positive airway pres¬ 
sure (CPAP) was developed as a noninvasive treat¬ 
ment of obstructive sleep apnea (OSA). Even though 
UPPP was commonly utilized, polysomnographic 
evaluation showed that it failed to improve OSAS in 
more than half of the patients. As the concept of mul¬ 
tilevel airway obstruction in OSA was popularized, 
efforts to achieve a better cure rate led to development 
of multiple surgical techniques addressing multiple 
anatomic sites suspected for obstruction. 

Successful surgical outcomes depend on the sys¬ 
tematic preoperative evaluation and postoperative 
management along with the choice of surgical tech¬ 
nique. The following list summarizes the parameters 
that influence treatment outcomes: 

1. Preoperative evaluation 

(a) Risk factors 

Predisposing pathologic conditions 

- Endocrine diseases 

- Diseases affecting the neuromuscular system 

- Brainstem abnormalities 

- Obstruction of airway with the patient awake 

(A) Anatomic factors 

(B) Space-occupying lesions 

Medications 

- Iatrogenic 

- Alcoholism 

Obesity and age 

Other 

(c) Severity of disease 

(d) Determination of level of obstruction 

(e) Determinants in polysomnography 
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2. Surgical method 

(a) Indication and selection of method 

(b) Technical considerations 

(c) Tolerance to therapy in staged treatment 

3. Postoperative management 

(a) Weight gain 

(b) Drugs and alcohol 

(c) Long-term effectiveness of therapy 

(d) Determinants in polysomnography 

(e) Determination of the surgical success 


Preoperative Evaluation 


Preoperative evaluation is an important step to assist 
in the selection of patients for surgery. Complicating 
factors such as systemic diseases, obstructed airway, 
drugs, and obesity can be easily recognized by a prop¬ 
er evaluation. 


Systemic Disease 

Daytime sleepiness and sleep apneas can be observed 
in various endocrine, neuromuscular and other types 
of disorders [2,29,42,44, 52], Examples are hypothy¬ 
roidism, acromegaly, diabetic neuropathy with auto¬ 
nomic dysfunction, Parkinsonism, Alzheimer’s dis¬ 
ease, stroke, epilepsy, metabolic abnormalities such 
as hyponatremia and hypoglycemia due to adrenal 
insufficiency, Cushing’s syndrome, brainstem abnor¬ 
malities due to inflammation, hemorrhage, trauma, 
encephalitis, acute bulbar poliomyelitis, and rare¬ 
ly neoplasm. Neuromuscular disorders affecting the 
spinal conducting pathways, the anterior horn cells, 
the nerves to respiratory muscles, and the respirato¬ 
ry muscles themselves, such as compression of the 
cervical cord, muscular dystrophies, poliomyeli¬ 
tis, Guilliain-Barre syndrome, and myasthenia gra¬ 
vis, can cause hypoventilation. Clinical expression 
is quite obvious in most of the diseases mentioned 
above. Management includes treatment of the prima¬ 
ry disease, and simultaneous addition of adjunctive 
therapy for sleep apnea. Acromegaly and hypothy¬ 
roidism are exceptions as hormone therapy may im¬ 
prove sleep apnea [16, 18, 47, 48], Surgery for OSAS 
without treatment of the underlying disease may re¬ 
sult in failure. Conversely, Winkelman et al. [51] sug¬ 
gested that screening for hypothyroidism was not 
recommended in OSAS, since they discovered sim¬ 
ilar prevalence in OSAS patients as in individuals 
without OSAS. We recommend screening for these 
disorders since misdiagnosis will compromise the re¬ 
sults of treatment. 


Pathologic Conditions 
Causing Airway Obstruction 


Obstruction of the airway during sleep is a dynamic 
process, and causes OSAS in patients who have a pat¬ 
ent airway when awake. Disorders leading to perma¬ 
nent airway obstruction unrelated to sleep can cause 
OSAS. These include deviation of the nasal septum, 
chronic rhinitis, rhinolithiasis, turbinate abnormal¬ 
ities, nasal polyps, choanal atresia, a foreign body, 
cysts, hypertrophied lymphoid tissue (palatine and 
lingual tonsils, adenoid tissue), craniofacial anom¬ 
alies, floppy epiglottis, laryngeal abnormalities, and 
neoplasms [3, 8, 33], Although increased nasal resis¬ 
tance was reported as an aggravating factor for OSAS, 
correction of obstruction by performing septal sur¬ 
gery did not guarantee relief from apnea [12, 25, 49]. 
We recommend elimination of nasal obstruction and 
reduction of the hypertrophied adenoid tissue since it 
helps patients with or without sleep apnea. 

It is also clear that removal of hypertrophied ton¬ 
sils and adenoid tissue can cure symptoms of OSA in 
the majority of children [30], In adults, the presence 
of hypertrophied tonsils significantly increases the 
success rate of surgery, when tonsillectomy is added 
to other OSA surgery [24], 

To avoid missing any abnormality in the rest of the 
upper airway, nasopharyngolaryngeal endoscopic ex¬ 
amination should be performed, which is well toler¬ 
ated by patients. 


Craniofacial Anomalies 

Craniofacial anomalies involving the midface and 
mandible in syndromes such as Pierre Robin, Ap¬ 
ert, Treacher Collins, Saethre-Chotzen, CHARGE, 
Nager, Stickler, Goldenhar, and Pfeiffer can cause 
airway obstruction and sleep apnea [4, 7, 37], Later¬ 
al cephalometric radiography certainly provides re¬ 
liable and objective information about these anoma¬ 
lies, and treatment should be individualized accord¬ 
ing to the clinical presentation of each patient. 


Medications 

Many medications with central nervous system ef¬ 
fects can contribute to sleep difficulties. Different 
medication classes may have different effects on poly¬ 
somnography. For example, barbiturates and benzo¬ 
diazepines cause decreased sleep onset latency, in¬ 
creased sleep continuity and total sleep amount, and 
mild suppression of REM sleep. Morphine and heroin 
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cause decreased and disturbed sleep with suppression 
of REM sleep. Antipsychotic drugs with sedative ef¬ 
fects can cause decreased sleep latency, increased to¬ 
tal sleep time, and improved sleep continuity. First- 
generation antihistamines (HI antagonists) might 
produce daytime sleepiness and worsen OSA symp¬ 
toms. This effect can be avoided by replacing them 
with second-generation antihistamines. Some anti¬ 
depressant drugs have sedative effects. Sedative and 
hypnotic drugs can worsen sleep apnea, as does al¬ 
cohol consumption. (3-adrenergic blockers may cause 
daytime sleepiness owing to fragmentation of sleep, 
while a-adrenergic agonists, such as methyldopa and 
clonidine, may cause sedation. All stimulants, such 
as caffeine, theophylline, amphetamine, and cocaine, 
increase wakefulness and withdrawal of these agents 
may produce severe hypersomnia in chronic use. Al¬ 
cohol consumption can increase snoring and wors¬ 
en sleep apnea. It is also a major cause of sleep dis¬ 
ruption. Always consider alcohol withdrawal prior to 
performing surgery for OSA. However, in chronic al¬ 
coholism, alcohol withdrawal may cause decreased 
total sleep time and poor sleep continuity for a signif¬ 
icant length of time [32], 


Obesity 

It is well recognized that obesity is an important risk 
factor of OSA [6], and its severity is measured by the 
body mass index (BMI). Fat distribution is a more ac¬ 
curate evaluation of obesity than BMI, but both of 
them correlate with the severity of OSA [11, 34, 54], 
It was reported that gross obesity (BMI more than 30 
kg/m 2 ) can decrease the success rate of surgery [17,19, 
27]. In another study, a cutoff BMI of less than 40 kg/ 
m 2 was suggested as one of the selection criteria for 
OSA surgery [10]. Although, the BMI was not found 
to correlate with surgical outcome in some studies, 
problems with the small number of patients, selec¬ 
tion bias, or limited available raw data (meta-analy- 
sis) were stressed by the authors [20, 43, 45]. It is well 
known that weight loss in obese patients may improve 
or cure the disease; however, postoperative weight 
gain is an important problem in patients treated with 
surgery. Weight gain after UPPP might lead to wors¬ 
ening of OSAS [27,40]. All patients must be informed 
of the importance of obesity in the etiology of OSA 
and the effect obesity has on the progression of the 
disease. 


Severity of OSAS 


The severity of OSAS as indicated by the apnea-hy- 
popnea index (AHI) was found to correlate with the 
results of surgery in some studies: a higher AHI pri¬ 
or to surgery suggested higher failure rates [15,20, 38, 
41], Millman et al. [31], found that an AHI less than 38 
events per hour of sleep was a predictor of improve¬ 
ment after UPPP in 46 patients (success rate 50% for 
AHI < 38 versus 18% for AHI > 38). In all these stud¬ 
ies only one surgical method was performed to ad¬ 
dress only one anatomic site of obstruction. Com¬ 
bined or staged procedures addressing multilevel ob¬ 
struction in selected patients increased success rates 
dramatically, and this was unrelated to the AHI [41]. 


Determination of Obstruction Level 


Determining the level of obstruction is the most im¬ 
portant key factor in the success of the surgical treat¬ 
ment of OSA. UPPP and more aggressive modifica¬ 
tions cured snoring in most patients, but polysom- 
nographic data showed that a few of them still had 
higher apnea scores. Studies aimed at defining factors 
that influence the outcome of palatal surgery in order 
to eliminate the nonresponder group preoperatively. 
These studies showed that the main reason for fail¬ 
ure after UPPP is the presence of obstructive anatomy 
other than at the retropalatal level, mainly the tongue 
base. Fujita [13] introduced a classification of the pre¬ 
operative physical examination according to the lev¬ 
el of obstruction and proposed that patients with type 
III (hypopharyngeal only) obstruction were poor re¬ 
sponders to UPPP. Muller’s maneuver was proposed 
as a more reliable method of evaluation by simulat¬ 
ing the collapse of the upper airway, but later results 
showed lower sensitivity and specificity [23], 

Imaging studies, including lateral cephalometric 
radiographs, CT scans, and MRI, are used to evalu¬ 
ate patients with OSAS. These imaging methods and 
physical findings evaluate the airway in the awak¬ 
en state and not during sleep, when OSA occurs, and 
thus have limited specificity and sensitivity; howev¬ 
er, these techniques can assist in the evaluation of 
the patient with OSA. Friedman et al. [10] correlat¬ 
ed physical findings such tonsillar size and Mallam- 
pati index (Figs. 45.1, 45.2) with BMI and developed 
a staging system that can assist in the selection of pa¬ 
tients for surgery. They reported significantly higher 
success rates of UPPP with stage 1 OSA patients. It is 
clear that identifying an obstructed or narrowed air¬ 
way segment can assist in the planning of surgery. The 
inability to do this leads surgeons to perform multi- 
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Fig. 45.1. Tonsil size, grades 1,2,3, and 4 from left to right (modified Mallampati score by Friedman et al. [31]) 




Fig. 45.2. Palate position, grades 1,2, 3, and 4 from left to right (modified Mallampati score by Friedman et al. [31]) 


level or staged OSA surgery to avoid unsuccessful re¬ 
sults [10,41], 


less than half of the preoperative supine sleep time 
period. 
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Evaluation of Polysomnography 

Polysomnography cannot be summarized by the 
AHI only. Sleep architecture, body position, and ox¬ 
ygen saturation should be considered. Decreased to¬ 
tal sleep time, REM sleep, and sleep position may re¬ 
sult in decreased AHI values. The first-night effect 
can also underestimate the severity of disease. Apne¬ 
as are seen more frequently during stages 3 and 
4 and REM sleep. In some patients apneas are 
strictly position related and seen mainly when the 
patient is in the supine sleeping position [35]. It is 
also very important to compare preoperative and 
postoperative results of polysomnography in re¬ 
lation to sleep position in order to avoid artificial 
changes. For example, a preoperative AHI of 20 in 
a position-dependent apnea patient is not improved 
when a postoperative AHI of 10 is obtained, if the 
postoperative sleep time in the supine position is 


Surgical Techniques for OSA 


Surgical techniques for OSA aim to correct airway 
obstruction in two main sites: retropalatal and/or ret- 
rolingual. Success rates of UPPP alone in all patients 
are significantly lower than those of tracheotomy or 
CPAP. Early modifications of UPPP with aggressive 
tissue resection were suggested to achieve better re¬ 
sults, but these were associated with increased com¬ 
plication rates instead of success [53], Electrosur¬ 
gery, laser-assisted uvulopalatoplasty, radiofrequency 
and use of chemical agents were suggested for palate 
operations, as consequences of advanced technolo¬ 
gy [5, 21, 28, 39], Instead of providing better results 
than UPPP, most of them tried to attain the success of 
UPPP, and have been recommended for snoring and 
mild OSAS only. It appears that multilevel and staged 
surgery provides the best surgical results in patients 
with OSA [40], 
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Careful dissection with respect to tissue and prop¬ 
er hemostasis is helpful to prevent edema, hematoma, 
and abscess formation. Nasopharyngeal stenosis is a 
rare complication of UPPP that can usually be related 
to the surgical technique. 

Factors that might lead nasopharyngeal stenosis [9, 
22] are: 


Injury to the posterior mucosal surface of the 
soft palate and posterior pharyngeal mucosa 
Excessive mucosa destruction 
Aggressive posterior pillar resection 
Excessive use of electrocautery 
Infection and necrosis 


Suture dehiscence is another problem that can cause 
unpredictable healing. In most descriptions of UPPP, 
suture approximation of tonsillar pillars to eliminate 
redundant mucosa is included in the surgical tech¬ 
nique. Breakdown of sutures after UPPP has a poten¬ 
tial negative effect on eliminating redundant mucosa. 
The incision technique, suture material, and tension at 
the wound edges may contribute to this complication. 
Electrocautery is commonly used to incise the mu¬ 
cosa, but the tensile strength of the mucosal wounds 
created by a scalpel is superior to electrocautery [46]. 
In one study, the incidence of tonsillar pillar dehis¬ 
cence was reported as 44.4% with electrocautery ver¬ 
sus 33.3% with cold dissection (p=0.41) [1], Resection 
of only redundant mucosa instead of aggressive tissue 
resection prevents the tension at the closure line. Su¬ 
ture materials which provide tensile strength for lon¬ 
ger periods such as polyglactin should be used. Mat¬ 
tress sutures that include not only mucosa but also 
submucosal tissue and muscle provide for higher ten¬ 
sile strength. 

One of the causes of persistent symptoms after 
UPPP is failure to obtain an enlarged lumen at the 
retropalatal level. Postoperative endoscopy and mea¬ 
surement of cross-sectional area in CT scans are help¬ 
ful to confirm the pathology findings [26]. Langin et 
al, [26] reported that patients who failed to respond or 
who got worse after UPPP had persistent retropalatal 
narrowing. We feel that the complex relationship be¬ 
tween the tongue and the soft palate in the pharynx 
might explain the reasons for failure (Fig. 45.3). In the 
absence of an enlarged tongue, reduction of soft-pal¬ 
ate length by UPPP would achieve a wide lumen (Fig. 
45.4). The extent of palate resection may be limited 
retropositioned maxilla and hard palate in some pa¬ 
tients who are at risk for velopharyngeal insufficiency. 
We recommend transpalatal advancement pharyngo- 
plasty in these patients. 

Decreasing the length of the soft palate may not 
be enough to widen the lumen in the presence of an 



Fig. 45.3. Normal tongue volume. Excision of the soft palate 
will provide significant airway space 



Fig. 45.4. An enenlarged tongue is present. Space superior 
to the vallecula narrowed (one asterisk). Long soft palate and 
uvula placed posteriorly to the enlarged tongue and occupied 
a part of the retrolingual space (three asterisks). Additionally, 
a more inferior segment is obstructed by an enlarged tongue 
(two asterisks) 


enlarged tongue that pushes the soft palate against 
posterior pharyngeal wall (Fig. 45.3, 45.5). Langin 
et al. [26] also remarked that if the palate tended to 
have its long axis parallel to the posterior pharyn¬ 
geal wall instead of there being a soft palate bulg¬ 
ing into the pharyngeal lumen, surgical techniques 
to enlarge the pharyngeal lumen instead of exces¬ 
sive palatal resection were successful. This finding 
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Fig. 45.5. Soft palate partially excised and retrolingual seg¬ 
ment inferiorly obstructed by an enlarged tongue 


supports our conclusion on the complex relation be¬ 
tween an enlarged tongue and the soft palate. Nar¬ 
rowing of the lumen more inferiorly at the tongue 
base would clearly add to the list of different levels of 
anatomic obstruction (Fig. 45.5) and in these cases, 
surgical techniques to enlarge the retrolingual space 
are needed. A solution to prevent failure in such cas¬ 
es would include sufficient decrease in the length of 
the soft palate without compromising velopharyn¬ 
geal insufficiency, transpalatal advancement pha- 
ryngoplasty, tongue-base reduction, or maxilloman¬ 
dibular advancement. 


Tips and Pearls 

Reasons for failure in UPPP: 

Nasopharyngeal stenosis 
■ Suture dehiscence 

Unable to obtain a wide velopharyngeal space 
Enlarged tongue 


In genioglossus advancement, detachment of genio- 
glossus muscle from the tubercule can be repaired 
with wire sutures to prevent further narrowing of the 
retrolingual space. 

Suture suspension of the tongue base to the man¬ 
dible also aims to enlarge the airway at the level of 
the tongue base. Although rare, breakdown of sutures 
could occur and require revision surgery [36]. Radio¬ 
frequency reduction of the tongue base requires se¬ 
quential treatment sessions until the desired reduc¬ 
tion is achieved. When the procedure is performed 


aggressively, it may occasionally result in an abscess 
of the tongue base, which can drain spontaneous¬ 
ly or with surgery, without permanent narrowing of 
the airway. However, the requirement of multisession 
treatment was not tolerated by all patients, many of 
whom withdrew from the study after only symptom¬ 
atic relief and before a possible cure [10]. This is an in¬ 
teresting cause of failure to cure, which is similar to 
that of CPAP. 



Preoperative evaluation, choice of procedure, 
proper application of technique, and postopera¬ 
tive management influence the outcome of sur¬ 
gery for OSA. Predisposing factors such as en¬ 
docrine disease, extrinsic abnormalities causing 


airway obstruction such as neoplasms, and sedat- 
ing-narcotic medications must be eliminated be¬ 
fore surgery. Patients with OSA must be educated 
about the relationship between weight gain and 
sleep apnea, and advised to avoid weight gain af¬ 
ter surgery. CPAP is an effective and noninvasive 
treatment for OSA, but the long-term compliance 
rate is reported as 76% [50]. Choosing the appro¬ 
priate surgical technique and using proper dissec¬ 
tion and hemostasis will reduce the risk for com¬ 
plications and increase the chance for successful 
surgical outcomes. All patients treated with sur¬ 
gery for OSA should undergo postoperative poly¬ 
somnography to determine the long-term effec¬ 
tiveness of therapy. 
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Core Messages 


■ There is no single cause of uvulopalatopha- 
ryngoplasty failure. A stepwise and system¬ 
atic evaluation allows for identification of the 
cause of failure and allows for improved clin¬ 
ical, surgical, and medical outcomes. 

■ Surgical failure may result from medical, 
technical, or structural causes. Managing 
failure requires identifying these causes, in¬ 
cluding reassessing the diagnosis, critically 
identifying the previous surgical techniques, 
and reevaluating the structure of the airway. 

■ Medical failure includes both missed and in¬ 
accurate initial diagnosis. 

■ Technical failure may occur by applying the 
wrong procedure for a given anatomy, poor 
surgical techniques, or poor wound healing. 

■ Structural failure may occur from inade¬ 
quate treatment of multiple interacting sites 
of abnormal resistance or obstruction in the 
upper airway. 

■ Failure of a surgical procedure is not a failure 
of patient selection but a failure of accurate 
diagnosis and appropriate reconstruction. 

■ Sedated endoscopy independently assessing 
collapse during inspiration and expiration 
may provide a means of assessing causes of 
failure. 
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Introduction 


Sleep-disordered breathing defined by an apnea-hy- 
popnea index (AHI) of greater than five events per 
hour is a prevalent disorder estimated to affect 9- 
24% of middle-aged adults [15], Obstructive sleep ap¬ 
nea syndrome (OSAS) with both abnormal sleep-dis¬ 
ordered breathing and excessive daytime somnolence 
affects 2-4% of adults. OSAS is strongly associated 
with significant medical and social morbidity, includ¬ 
ing increased risk of hypertension, decreased func¬ 
tional quality of life and performance, and increased 
frequency of accidents [6], Most risks are elevated 
with moderate or severe OSAS. However, morbidity 
and symptoms of OSAS occur with milder forms of 
the disease and risks are associated with an AHI at 
both the mild and the severe end of disease spectrum 
without threshold effects. 

Multiple surgical procedures have been advocat¬ 
ed as treatment for OSAS. The most commonly per¬ 
formed procedure for OSAS remains uvulopalato- 
pharyngoplasty (UPPP). For many surgeons, UPPP is 
the primary procedure used alone or in combination 
with nasal or other surgeries. Outcomes are variable 
[13], Failure to adequately treat OSAS or snoring is not 
uncommon after isolated palatal surgery in adults. In 
addition, UPPP was associated with severe postoper¬ 
ative pain, increased sensation of phlegm, throat dry¬ 
ness, mild swallowing dysfunction, and continuous 
positive airway pressure (CPAP) intolerance [3, 11]. 
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Rarely, UPPP is associated with more serious post¬ 
operative speech or swallowing changes and medical 
morbidity, or mortality. 

When failure occurs following palatal surgery, no 
universal treatment protocol exists. Patients must be 
reevaluated for additional treatment. However, assess¬ 
ment and treatment of palatal surgery failure is not 
standardized. Few controlled or noncontrolled stud¬ 
ies exist to provide recommendations, and so current 
recommendations are based on uncontrolled or poor¬ 
ly controlled case series and expert opinion. 
Treatment goals of primary palatal surgery for OSAS 
include: 


■ Elimination of symptoms 
Reduction of disease morbidity 
Reduction of mortality 


When these goals are not met, additional treatment is 
indicated. Consensus of evaluating surgical outcomes 
is to compare results to a successful treatment thresh¬ 
old such as nasal CPAP. 

Surgical outcomes are not only technical but also 
clinical. Palatal procedures may be technically suc¬ 
cessful in altering some of the characteristics of the 
palate, but clinically unsuccessful owing to obstruc¬ 
tion at nonpalatal sites or other medical or sleep dis¬ 
orders. Conversely, failure of treatment after palatal 
surgery does not necessarily indicate that obstruction 
is occurring at other airway sites. Persistent palatal 
obstruction after palatal surgery is common [7]. 

Successful treatment of sleep apnea cannot be de¬ 
fined by fixed criteria. A 50% reduction in any cur¬ 
rently used sleep study index (apnea index, AHI, or 
other arbitrary measure) may be an important re¬ 
search measure but rarely defines clinical success. 
Arbitrary disease thresholds defining sleep apnea as 
having 20 apneas or hypopneas per hour (or 15 or 10 
events per hour) do not correlate to specific disease 
outcomes [5], Ultimately, it is these disease outcomes 
that determine success. Disease outcomes for OSAS 
include snoring, sleepiness, neurocognitive function¬ 
ing, risk of accidents, cardiovascular morbidity, and 
mortality. Lacking data on these, one uses polysom- 
nographic metrics. It is important to understand that 
these measures define a test, not a patient. None of the 
measures or outcomes currently define a “cure.” Ob¬ 
structive sleep apnea is a chronic disease where out¬ 
comes may best be viewed as disease management 
rather than “cure.” 

Age, gender, race, and preexisting health problems 
alter outcomes and this variability complicates the 
disease assessment. 

Outcomes must be interpreted in the context of 
other risk factors, but benchmarks for adults may in¬ 


clude snoring elimination or reduction to mild inter¬ 
mittent levels, elimination of moderate sleepiness not 
explained by other conditions, an AHI reduction (us¬ 
ing 4% desaturation) to less than 15 events per hour, 
and lowest oxygen desaturation to be rarely lower 
than 90%. At this level of disease, therapy with the 
“gold standard” of treatment (i.e., nasal CPAP) has 
not shown consistent evidence-based improvement 
above use of a placebo. 

Tips and Pearls 

Multiple causes of UPPP failure exist: 

Clinical failure may occur from inadequate 
medical diagnosis, including insomnia, narco¬ 
lepsy, limb movement disorders, and idiopath¬ 
ic hypersomnolence. 

L Clinical failure may occur owing to obstruc¬ 
tion and increased airway resistance at other 
upper-airway sites, including the nose, hypo- 
pharynx, or larynx. 

Technical failure at the palate may occur ow¬ 
ing to stenosis or narrowing of the airway. 

No consensus exists about methods of struc¬ 
tural airway evaluation. Evaluation should 
identify the sites of collapse and, if possible, 
identify the structural cause. 

Revision surgery may be performed if clear 
abnormalities are identified. The best technical 
procedure to treat any given structural abnor¬ 
mality is not established. 

I Alternatives to surgical correction exist and 
may include but are not limited to weight loss, 
oral appliances, and retrials of nasal CPAP. 
Individuals with severe structural upper-air- 
way abnormalities, morbid obesity, and severe 
sleep apnea may best be treated by maxillofa¬ 
cial surgery or tracheotomy following failure 
of medical therapy. 

Following failed palatal surgery, the concept of 
additional surgery or treatment is unpleasant. 
An important initial treatment step is appro¬ 
priate education and expectations for palatal 
surgery. 


Indications and Patient Selection 


Failure of UPPP may be multidimensional. Diagnos¬ 
tic reevaluation confirms the systems with which the 
patient presents. Prior testing should be reviewed and, 
if inadequate, testing should be repeated. A compre¬ 
hensive head and neck examination focusing on the 
upper airway should be performed. This includes sit¬ 
ting and supine endoscopy. Additional special test- 








Sedated Endoscopy 

ing may include cephalometry, pharyngoesopha- 
gram (swallow study), sinus imaging studies, other 
head and neck imaging, sedated endoscopy, and fur¬ 
ther sleep tests such as multiple sleep latency or main¬ 
tenance of wakefulness testing. Confounding medi¬ 
cal disorders are identified and treated and retrial of 
medical therapy is warranted, which may include na¬ 
sal CPAP, with or without expiratory pressure release, 
autonasal CPAP, bilevel pressure, and heated humidi¬ 
fication. Problems with nasal or face masks should be 
discussed and addressed and the use of an oral appli¬ 
ance or mandibular repositioning splint may be con¬ 
sidered. Oral appliances successfully salvage the sur¬ 
gical failure. 


Tips and Pearls 

Medical evaluation of disorders that may include 
symptoms of snoring, excessive sleepiness, or 
nocturnal choking: 

1. Sleep disorders 

(a) Insufficient sleep syndrome 

(b) Drugs/alcohol 

(c) Insomnia 

(d) Idiopathic hypersomnolence 

(e) Periodic limb movement disorder 

(f) Restless leg syndrome 

(g) Narcolepsy 

(h) Increased upper-airway resistance 

2. Medical disorders 

(a) Congestive heart failure 

(b) Thyroid disease 

(c) Acromegally 

(d) Depression 

(e) Gerd 

(f) Allergy 


Nasal disease is diagnosed and treated with the goal 
of maximally reducing nasal resistance. Sinus dis¬ 
ease should be treated when present, but no evidence 
supports sinus surgery alone for the treatment of ap¬ 
nea. During the pharyngeal evaluation, findings of 
overt stenosis or residual lymphoid hyperplasia may 
be identified. Other abnormalities may only be iden¬ 
tified using the sitting and supine office fiberoptic ex¬ 
amination or under general anesthesia. 

To better treat current and future patients, prior 
surgical techniques should be evaluated. Errors may 
be in diagnostic assessment or in surgical technique. 
Procedures that create a scar will improve snoring but 
may do so at the expense of narrowing the airway and 
worsening sleep apnea. Stenosis is an almost certain 
result of excessive removal of pharyngeal mucosa. 
Current experience indicates a larger more open air¬ 
way requires more mucosa not less to remain patent. 
Technical failure may also be intrinsic to the proce¬ 


dure initially selected. Tonsillectomy without remov¬ 
al of obstructive adenoids (or vice versa) is an exam¬ 
ple. Unfortunately, failure to adequately enlarge the 
average OSAS patient’s airway is more subtle. Simply 
identifying the level of obstruction may not provide 
the required information. Palatal collapse may occur 
in the proximal or distal pharyngeal isthmus or may 
occur from collapse of the lateral wall. Hypopharyn- 
geal collapse may also occur in the proximal or dis¬ 
tal tongue base, retroepiglottic segment, and larynx 
or hypopharyngeal lateral wall. 

Surgical correction of persistent airway obstruc¬ 
tion may include surgery at nonpalatal sites or addi¬ 
tional palatal surgery. In the “Stanford algorithm,” 
UPPP failure is usually followed by maxillofacial sur¬ 
gery [10]. Outcomes with this approach demonstrate 
very high objective success rates (greater than 90%). 
Unfortunately, the procedures are often poorly ac¬ 
cepted by patients with mild or moderate disease. 

An alternative approach is additional site-specific 
surgery. This method lacks a clear algorithm to guide 
the patient or the surgeon in making decisions about 
which interventions are appropriate. In a patient who 
has already undergone a major pharyngeal procedure, 
the concept of additional unplanned surgery is un¬ 
pleasant. The need for multiple steps to achieve suc¬ 
cess is best addressed prior to any surgery. A partial 
list of available surgical procedures is as follows: 

1. Palatal 

(a) Z-plasty pharyngoplasty 

(b) Palatal advancement 

(c) Palatal implants 

(d) Radiofrequency 

2. Hypopharyngeal 

(a) Genioglossus advancement 

(b) Hyoid suspension 

(c) Partial glossectomy 

(d) Tongue-base ablation 

(e) Tongue suspension 

(d) Mandibular advancement 

(e) Lingual tonsillectomy 

3. Combined 

(a) Maxillofacial advancement 

(b) Tracheotomy 

Accurate diagnosis is important in selecting addi¬ 
tional surgery. Endoscopy during nonsedated sleep, 
sedated sleep, and quantitative sedated sleep has 
been used as both clinical and research tools [8], Im¬ 
proved surgical success rates have not been associ¬ 
ated with many of the subjective methods described 
to predict success of palatal surgery for sleep apnea. 
Success in predicting outcomes for snoring surgery 
outcomes is also questioned with assessment of an 
audio “snore tape” potentially providing similar in¬ 
formation [9], 
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In contrast, qualitative sedated sleep endoscopy for 
sleep apnea surgical technique and patient selection 
using quantitative methods was demonstrated suc¬ 
cessfully [4], Differences in outcomes using these tests 
indicate that interpretation of the test is critical for 
the examination to be useful. Airway collapse is the 
result of an interaction of a structurally small airway, 
ventilatory drive, arousal thresholds, neuromuscular 
reflexes, lung volume, surface-adhesion forces, body 
and head position, and level of sleep. To accurately in¬ 
terpret sleep endoscopy, it is necessary to appreciate 
that the upper airway is a highly variable structure 
during sleep that is affected by these other physiologic 
factors. Identification of vibratory tissues or collapse 
alone is inadequate. 

As part of the preoperative evaluation the surgeon 
should do the following: 


Reconfirm diagnosis, review sleep study, repeat 
office upper airway evaluation 
Understand the structures, mechanisms and 
physiologic factors that cause collapse and 
obstruction 


Indications and contraindications for sedated endos¬ 
copy are as follows: 

1. Indications 

(a) Unsuccessful office examination due to anxi¬ 
ety or failure to observe a relaxed airway 

(b) Unexplained surgical failure 

(c) Part of routine presurgical evaluation 

2. Contraindications 

(a) Lack of adequate monitoring and airway 
equipment 

(b) Allergy or contraindications to medications 
used 

(c) Profound apnea or major medical risk (ASA 
class IV) 

(d) Lack of proper instrumentation 


Technique of Sedated Endoscopy 


Intravenous sedation uses a combination of midazol¬ 
am and propofol in a monitored setting. It is critical to 
obtain a sedated steady state to mimic sleep. The con¬ 
cept is to maintain a constant brain level of the drugs 
and avoid undersedation or oversedation, which will 
alter results. Midazolam (a benzodiazepine) relaxes 
muscles and depresses respiratory reflexes mimick¬ 
ing rapid eye movement (REM) sleep. Propofol main¬ 
tains respiratory reflexes and better mimics non- 
REM sleep. A continuous gradual infusion of medi¬ 


cations is critical. This allows CO2 levels to rise and 
to stimulate and maintain ventilation. A rapid induc¬ 
tion of sedation causes an acute shift in the ventilato¬ 
ry threshold of CO2 without time for a compensatory 
increase in PaCC>2. The result is a marked loss in mus¬ 
cle tone to the entire upper airway that does not re¬ 
capitulate sleep. Sedation should mimic normal sleep 
and progression should be from snoring to apnea. It 
is preferable to have too little sedation and to observe 
snoring mechanisms and sites of primary airflow lim¬ 
itation than to have excess sedation. 

Monitoring should include measures of ventilation, 
oxygen saturation, blood pressure, and heart rate. 

The technical steps of sedated endoscopy include: 


Equipment required for the procedure includes a rhi¬ 
no-laryngoscope, endoscopic video recording ap¬ 
paratus, a small adult-sized nasopharyngeal air¬ 
way, topical 4% lidocaine anesthesia, and appropriate 
equipment for monitoring and handling the difficult 
airway. The patient should be supine with the head 
in a neutral position. The room should be quiet and 
excessive should be light avoided just as with normal 
sleep. 

Step 1. Topical anesthesia (topical 4% lidocaine) 
and decongestant (oxymetazoline) should be applied 
with pledgets to the floor of the nose. Excessive top¬ 
ical anesthesia may increase the risk of aspiration 
and result in pharyngeal and/or laryngeal anesthesia 
eliminating ventilatory reflexes which confound re¬ 
sults. Inadequate local anesthesia and failure to use 
gentle technique may result in arousal, rhinorrhea, 
and increased pharyngeal secretions which confound 
the examination. 

Step 2. Sedation is gradually initiated. With the 
onset of snoring, the rhinolaryngoscope is inserted. 
This usually results in mild arousal which quickly re¬ 
verts back to a sleep state. At this point mechanisms 
and locations of snoring may be observed. Placement 
of the endoscope is best in the smaller nostril if possi¬ 
ble to allow the placement of the nasal airway into the 
larger nostril in step 5. 

Step 3. Patterns, location, and structures associat¬ 
ed with airway collapse and airway obstruction are 
noted. 


Nasal topical anesthesia 
Induction of steady-state anesthesia 
Nonmanipulated view of the airway in both 
the retropalatal and the hypopharyngeal/la- 
ryngeal segments 
Observation with gentle jaw thrust 
Observation with a nasopharyngeal airway 
Oral observation 
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Step 4. Jaw-thrust maneuver assesses both the ret- 
roglossal retropalatal area. If tolerated, a graded level 
of jaw advancement may allow the defining of a crit¬ 
ical airway size that is a threshold for obstruction. 
Failure to observe changes in the retropalatal area 
may predict a higher risk of poor response to oral ap¬ 
pliances. 

Step 5. A small nasopharyngeal airway may be 
placed just beyond the free margin of the palate to 
eliminate upstream forces affecting the hypopharyn- 
geal airway. This not only eliminates the affects of up¬ 
stream obstruction in creating increased negative air¬ 
way pressures, but also eliminates the effects of mech- 
anoreceptor stimulation which augments muscle tone 
to the tongue and other airway muscles. 


Tips and Pearls 

The major criteria to evaluate are (1) site(s) of pos¬ 
sible airflow limitation/snoring, (2) site(s) of 
primary (expiratory) obstruction or narrowing, 
and (3) sites of secondary obstruction: 

Collapse due to structure and anatomy is ob¬ 
served during expiration with loss of phasic 
ventilatory drive to upper-airway muscles. 
Inspiratory collapse occurs owing to both 
structure and physiologic factors, such as 
airflow, muscle tone, and negative inspiratory 
pressures. 

Inspiratory collapse (increased negative pres¬ 
sure) in an airway patent during the prior ex¬ 
piratory ventalatory cycle suggests a proximal 
level of obstruction. 

At a primary site of obstruction, progressive 
expiratory narrowing occurs until a critical 
calliber occurs and precedes collapse during 
inspiration. 

Starling resistor and Bernoulli forces result in 
inspiratory flutter (snoring) which is patho- 
pneumonic for airflow limitation. 
Hypopharyngeal obstruction during vigorous 
inspiration with reopening during expiration 
is common and does not indicated lower 
pharyngeal obstruction. 

■ The goal is to measure the size and structure 
of the airway at levels of estimated muscle tone 
during sleep. 

Insertion of a nasopharyngeal airway reduces 
airway upstream resistance and decreases 
stimulation of airway mechanoreceptors. This 
may paradoxically worsen hypopharyngeal 
collapse. 


Chapter 46 


Postoperative Assessment 
and Treatment Plan 


Results of a comprehensive evaluation guide further 
treatment recommendations. Failure of medical ther¬ 
apy should not be accepted at “face value.” Problems 
should be avoided if possible and causes identified 
and corrected if possible. Nasal CPAP adjustments 
should be made, including pressure changes, autoad¬ 
justing pressures, expiratory relief pressures, behav¬ 
ioral therapy, education, and mask changes. Oral ap¬ 
pliances may salvage surgical-failure patients in some 
cases. Different mandibular splints are available and 
may be prefabricated or custom-made. These may be 
provided by the head and neck surgeon, who is fa¬ 
miliar with dental and device issues, or may be per¬ 
formed by a dentist. Weight loss, treatment of aller¬ 
gy, and identifying other medical causes should also 
be addressed. 

Decisions on additional surgery should incorpo¬ 
rate both severity of disease and structural anatomy. 
Anatomy and structure guide selection of appropri¬ 
ate surgical procedures. Mild disease does not predict 
mildly abnormal anatomy and patients with mild or 
moderate sleep apnea may require major reconstruc¬ 
tion for clinical success. Disease severity and patient 
motivation guide the aggressiveness of surgery. Gen¬ 
erally, more morbid surgical procedures are reserved 
for more severe disease and more motivated patients. 


Results and Complications 


Limited data on medical or surgical treatment of pal¬ 
atal failures exist. Shepard, Metes, and Woodson 
used pharyngeal manometry to identify levels of air¬ 
way obstruction following UPPP failures and found 
80% of individuals continue to have obstruction in 
the retropalatal airway segment [6, 11], More recent¬ 
ly, studies suggested a higher rate of hypopharyngeal 
obstruction; however, these studies fail to document 
how such obstruction was defined. Computed tomog¬ 
raphy before and after UPPP demonstrate that the 
major difference is not narrowing at the level of the 
hypopharynx but failure to increase size in the retro¬ 
palatal airway [1]. 

No studies have critically evaluated the manage¬ 
ment of UPPP failure. Woodson reported a high suc¬ 
cess rate following palatal advancement pharyngo- 
plasty in a small group of patients many of whom 
had had prior UPPP. Similarly, Woodson and Robin¬ 
son demonstrated a 70% success rate in reducing the 
AHI in patients with sleep apnea following palatal ad¬ 
vancement and hypopharyngeal surgeries in a group 
where some had had prior UPPP [5, 6, 11], Friedman 
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(personal communication) reports surgical salvage 
of some individuals utilizing Z-plasty pharyngoplas- 
ty following failure of a conservative UPPP where ex¬ 
cess soft tissue remained. Z-plasty pharyngoplasty 
has also been discussed as a method of addressing lat¬ 
eral pharyngeal stenosis. 

In severe sleep apnea patients, multiple series re¬ 
port that maxillofacial surgery following UPPP fail¬ 
ure resulted in very high success rates. Complica¬ 
tions of velopharyngeal insufficiency are unusual, but 
may occur [2], For this reason, individuals who are at 
high risk for UPPP failure should be considered for 
maxillofacial surgery as an initial procedure, with 
UPPP being reserved as a possible secondary proce¬ 
dure if needed. Hyoid advancement procedures have 
also been reported. In a subgroup of individuals who 
had undergone prior UPPP, hyoid advancement was 
markedly less successful than in a subgroup who had 
been selected to undergo a hyoid surgery alone [12]. 
Woodson et al. [14] in a multicenter study applied ra¬ 
diofrequency to the tongue base in a group of patients 
most of whom had failed prior UPPP. A small treat¬ 
ment effect was observed and subjective patient self- 
reports were significantly improved, but overall treat¬ 
ment success using this method was low. Nonetheless, 
a small subset of patients did note a significant im¬ 
provement, and given the low morbidity of the pro¬ 
cedure, it may be appropriate in some patients. Mul¬ 
tiple authors have described midline glossectomy and 
lingual plasty in a group of patients most of whom 
had failed prior UPPP with variable success rates (20- 
80%) [12]. Finally, Isono et al. [5] reported on objec¬ 
tive measures following UPPP over a 12-month pe¬ 
riod. For most patients, clinical and structural im¬ 
provement was maintained; however, for a subset of 
patients, severe airway narrowing and stenosis oc¬ 
curred between 3 and 12 months after surgery. This 
indicates that not only may UPPP fail to adequately 
treat the retropalatal segment, but in some patients it 
may worsen retropalatal obstruction. 



No single algorithm for the management of pal¬ 
atal failure exists. Management must include a 
comprehensive reassessment of the patient's 
complaint, underlying disease, medical condi¬ 
tions, and upper-airway structure. Successful sal¬ 


vage of those patients with persisting anatom¬ 
ic abnormalities can be achieved, but requires a 
thorough understanding of the underlying anat¬ 
omy and the effects of given surgical procedures 
on this anatomy. 
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Core Messages 


■ Permanent tracheostomy is indicated for pa¬ 
tients who have failed medical and surgical 
management and cannot tolerate continuous 
positive airway pressure or other devices. 

■ Permanent tracheostomy is planned after 
discussion with the patient/caregivers and 
thorough preoperative planning involving 
the anesthesia and perioperative medical 
management services. 

■ Permanent tracheostomy improves morbidi¬ 
ty and mortality rates in patients with severe 
intractable obstructive sleep apnea who do 
not improve with more conservative medical 
and surgical techniques. 
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Introduction 


Obstructive sleep apnea (OSA) is a disease that has 
been recognized for the last 40 years. With the rec¬ 
ognition and evaluation of disease parameters, the 
medical literature began to recognize that an up¬ 
per-airway obstruction was the mechanical cause of 
OSA. The first treatment available was tracheostomy 
and there was a time in the late 1960s and early 1970s 
when a permanent tracheostomy was the only recom¬ 
mended treatment for patients with severe behavior¬ 
al or cardiopulmonary consequences of OSA. Trache¬ 
ostomy remains the only uniformly totally effective 
surgical option to permanently relieve OSA. A full 
understanding of the physiology of OSA led to me¬ 
chanical techniques and devices to treat the disease 
and resulted in patients with little need for a trache¬ 
ostomy. There remain occasional patients with severe 
OSA who because of their anatomy or surgical com¬ 
plications of treatment are unable to tolerate other 
mechanical choices such as continuous positive air¬ 
way pressure (CPAP) or have failed sequential upper¬ 
airway surgery, and these patients will benefit from a 
tracheostomy [4], 


Indications and Contraindications 
of Tracheostomy for OSA 


Indications are: 


Severe OSA 
Moderate OSA 

Failure of CPAP or upper-airway expansion 
surgery 

Temporary airway bypass during recovery 
from maxillary-mandibular surgery or bariat¬ 
ric surgery 

Upper-airway obstruction in difficult intuba¬ 
tion patients 

Aggressive airway surgery requiring tempo¬ 
rary airway control 
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Contraindications are: 


Refusal of the patient or family to accept the 
surgery 

Patient self-destructive behavior 
Medical or anesthesia contraindications 


airway and crusting/low-grade infection with 
malodor. 

The stoma, when secured by mucocutaneous 
flaps, maintains its size and allows for easy 
stoma management by the patient and caregiv¬ 
ers. When healed, the permanent tracheos¬ 
tomy prevents airway emergencies. 

Permanent tracheostomy permits more choic¬ 
es of stoma occlusion than a routine tracheos¬ 
tomy. 


Preoperative Workup 


Preoperative workup involves: 


General medical, cardiopulmonary, and coag¬ 
ulation workup and management 
Avoidance of coagulopathy-causing medica¬ 
tions for 2 weeks before surgery 
Explaining and describing to the patient, fam¬ 
ily and all caregivers the appearance and care 
of tracheostomy 

In-hospital and posthospitalization manage¬ 
ment, including education about tracheostomy 
Communication with anesthesia and medical 
subspecialty services and coordination of 
anesthetic, surgical and postsurgical decisions 
and management 

Formal anesthesia preoperative consult for 
potential airway difficulties 


Surgical Technique 


Tracheostomy for planned permanent airway bypass 
is best performed in the operating room. The patient 
is intubated after techniques of airway control and 
management and stepwise plans to safely perform 
endotracheal translaryngeal intubation have been 
agreed. Patients who are anticipated to have a tem¬ 
porary tracheostomy are treated in the standard fash¬ 
ion through a transverse skin incision, retraction of 
the strap muscles and division of the thyroid isthmus 
with retraction of soft tissue to allow a direct trache¬ 
al puncture, either with extraction of an anterior tra¬ 
cheal window or with a transverse or vertical incision 
through the trachea. 


Tips and Pearls 

■ When performing a permanent tracheostomy, 
skin incisions are planned to allow a cutane¬ 
ous-tracheal mucosal anastomosis which aims 
to achieve a 360° skin-lined flap surrounding 
the stoma. 

The skin-lined stoma minimizes granulation 
tissue, thus avoiding bleeding, occlusion of the 


The originally described technique, a modification of 
which we have used for many years, required skin in¬ 
cisions drawn in the pattern of a horizontally directed 
H with extension of the superior flaps laterally (Fig. 

47.1) [1, 7]. Once the flaps have been elevated and de¬ 
fatted as necessary, a cervical lipectomy is performed 
from the level of the hyoid bone to the level of the 
third or fifth tracheal ring, depending on the length 
of the trachea that is easily exposed in the neck (Fig. 

47.2) . Patients requiring flap tracheostomy are often 
obese and have retraction of the upper trachea below 
the level of the clavicle. 

When indicated, a submental lipectomy is per¬ 
formed through this incision or even by standard li¬ 
posuction technique. Removing this unnecessary fat 
allows the skin flaps to lie in better opposition to the 
strap muscles and makes the stoma more manageable. 
Partial removal of the redundant submental fat may 
prevent tracheostomy occlusion. 

The anterior trachea is then fully exposed with re¬ 
traction of the strap muscles. The thyroid gland is 
divided in the midline with suture ligation of each 
lobe to prevent bleeding from the free edges. Sharp 
and blunt dissection of the pretracheal fascia allows 
full exposure of the anterior trachea. The trachea is 
incised in the pattern of a vertical H (Fig. 47.3), cre¬ 
ating superior and inferior tracheal flaps, which are 
then rotated to meet the skin and sutured with ab¬ 
sorbable sutures between the skin of the neck and 
the tracheal wall (Figs. 47.4, 47.5). The inferior tra¬ 
cheal flap may be created slightly longer so it meets 
the inferior skin flap with less tension and thus cre¬ 
ates a stable tracheocutaneous junction without 
granulation formation. 

Nylon or silk sutures can be used to complement 
the previously placed absorbable suture and must be 
removed 7-10 days after surgery. At the completion 
of the operation, a double-cannulated cuffed trache¬ 
ostomy tube with a balloon is placed. When the tra¬ 
cheostomy tract is long, as in very obese patients, an 
extended shaft or a customized tracheostomy tube is 
used. If the original tube placed at surgery is satisfac¬ 
tory, it is substituted with a noncuffed tube of similar 
size 5-14 days later. 
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Fig. 47.1 Design and performing skin incisions drawn in the pattern of a horizontally directed H with extension of the superior 
flaps laterally 


There are several variations from this standard 
technique that we often use, but we most frequent¬ 
ly use a single transverse incision placed midway be¬ 
tween the cricoid and the sternal notch. This incision 
allows for better cosmesis, minimizes dead space and 
reduces risk for seroma formation. The goal of sleep 
apnea tracheostomy is to keep the stoma occluded 
during the day so that patients can communicate, hu¬ 
midify their airway and function physiologically. The 
stoma button is removed at night in preparation for 
sleep to prevent the symptoms of OSA. 

For those patients who still develop shortness of 
breath, we have been successful with the Montgom¬ 
ery tracheal cannula [5, 6], This cannula (Fig. 47.6) 
permits drainage from the wound in the early healing 
phases and is less likely to dislodge owing to the mul¬ 
tiple rings holding it in place. For the mature stoma, 
a softer and shorter Montgomery tube is used. Many 


patients become very adapt at recognizing the correct 
position of the stoma cannula and find it very easy 
to manage. The tube is designed to capture the infe¬ 
rior and superior tracheal wall anteriorly with flang¬ 
es that compress during intubation and expand once 
they are in the open lumen of the trachea. This tube is 
used in patients without wound complications and is 
successful in minimizing future wound granulation 
as well as achieving a more open lumen for the pa¬ 
tient. The Montgomery tube must be changed at least 
every 3-6 months. 


Complications 


Complications from permanent tracheostomy for 
OSA were reported [8] in a series of 79 patients, with 
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Fig. 47.2. Flap elevation and defatting 




Fig. 47.3. The trachea is incised in a pattern of a vertical H 


nine mild complications reported as well as two se¬ 
vere complications. Mild complications included 
granulation tissue and a need for stoma revision. Se¬ 
vere complications in this series included one pa¬ 
tient with a tracheal innominate artery fistula, one 
patient who suffered a fatal myocardial infarction 
within 30 days after surgery and two patients with 
reported severe respiratory distress (Table 47.1). A se¬ 
vere complication of mediastinitis secondary to ster¬ 
nal abscess with osteomyelitis is shown in Fig. 47.7. 
This complication, which occurred 6 weeks after sur¬ 


gery, was treated by debridement, local wound care 
and hyperbaric oxygen treatment, followed with ro¬ 
tation of the pectoralis major myocutaneous flap to 
fill the defect and close the tracheostomy (Fig. 47.8). 
This patient was dangerously ill from his OSA, hav¬ 
ing fallen from a chair, broken his shoulder, driven 
his car into a tree and he was adamant that he would 
accept only a single surgical solution for his sleep ap¬ 
nea. Further upper-airway surgery clinically relieved 
his sleep apnea and he refused to continue with the 
tracheostomy. 
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Fig. 47.4. The flaps are rotated to meet the skin and sutured with absorbable sutures between the skin of the neck and the tra¬ 
cheal wall 


Table 47.1. Patient statistics 

Follow-up Age Body Mass Index 

Mean 8,3 years Mean 47 y Mean 41 

Range 3mo-20y Range 25-70 y Range 23-64 

Respiratory Distress Index 

Range 45-146 
Mean 82 


No. of Patients 

Male 70 
Female 9 


Postoperative Care and Results 


Postoperative care in the hospital is the same as 
routine tracheostomy care and the patients are ed¬ 
ucated and observed before discharge. Routine 
teaching sheets are sent home with the patient and 
follow-up is scheduled 5-10 days after surgery [2]. 
Hospitalization depends upon tolerance of the tra¬ 
cheostomy and it usually requires 3-7 days in the 
hospital before patients have overcome aspiration 


and dysphagia and have learned to manage their 
wound. 

Improvement in survival as a result of tracheosto¬ 
my was noted and reported by He et al. [4], The mor¬ 
tality rates are higher in untreated OSA patients than 
in those treated by tracheostomy. In addition, behav¬ 
ioral improvement and the ability to have a function¬ 
al life after tracheostomy for severe intractable OSA 
is noted by the patients and reporting physicians [8]. 
Most patients tolerated the tracheostomy, and recog¬ 
nized the improvement of the clinical and behavioral 
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Fig. 47.5. Tracheostomy after suturing the tracheal wall flaps to the skin flaps 



Fig. 47.6. Montgomery tracheostomy tube 


well-being. Many of our patients undergo additional 
upper-airway surgery performed at the time of or pre¬ 
ceding the tracheostomy. We have performed palato¬ 
plasty, genioglossus advancement, hyoid suspension, 
radiofrequency tongue ablation as well as bimaxillary 
advancement in patients treated with tracheostomy 
in the same setting. The series of patients is too small 


to delineate which operation or combination of oper¬ 
ations is most successful in eliminating OSA in these 
patients who otherwise qualify for tracheostomy. 
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In summary, tracheostomy is a reasonable choice 
for the patient with severe intractable OSA despite 
conservative management using CPAP, other me¬ 
chanical devices and other upper-airway surgery 
[3, 4]. The procedure reduces the morbidity and 
mortality rates in these patients and allows them 
to have a more fulfilled and functional life. 


Fig. 47.7. Severe complication of mediastinitis secondary to 
sternal abscess with osteomyelitis 
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Fig. 47.8. Wound ap¬ 
pearance after debride¬ 
ment, local wound care 
and hyperbaric oxygen 
therapy, followed by rota¬ 
tion of the pectoralis major 
myocutaneous flap to fill 
in the defect and close the 
tracheostomy 
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Core Messages 


■ Velopharyngeal surgery is in permanent re¬ 
volution. 

■ Upper pharyngeal airway surgery as a single-site 
therapy is an efficient treatment in patients with 
primary snoring. A multilevel approach is best 
for patients with obstructive sleep apnea-hypop- 
nea syndrome (OSAHS). 

■ New developments and techniques in upper-air- 
way surgery like radiofrequency tissue reduction 
and palatal implants are not necessarily superior 
to older velopharyngeal surgical techniques. 

■ Lower pharyngeal airway surgery can be divid¬ 
ed into intraoral techniques like radiofrequen¬ 
cy and external procedures like genioglossus 
advancement, hyoid suspension, tongue suspen¬ 
sion, tongue resection, and maxillomandibular 
advancement. 

■ External lower pharyngeal airway procedures 
are mainly used for patients with OSAHS. 

■ Minimally invasive surgery of the upper airway 
is considered in the management of patients with 
primary snoring or mild forms of OSAHS. 

■ Multilevel airway surgery is used in the man¬ 
agement of patients with moderate to severe 
OSAHS. 

■ Perioperative planning is of primary importance 
when considering multilevel airway surgery. 
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Introduction 


For more than 40 years, surgical procedures were de¬ 
scribed for the treatment of sleep-related breathing 
disorders (SRBD) [43, 44, 49], The physiological spec¬ 
trum of these diseases range from partial upper-air- 
way collapse with an increase in upper-airway re¬ 
sistance, manifested as snoring, flow limitation and 
hypopnea, to complete upper-airway collapse and ap¬ 
nea. The soft palate is assumed to be the primary noise 
generator during sleep, although other structures in 
the upper airway may generate obstruction to airflow 
and subsequently hypopnea-apnea. The collapsibility 
of the upper airway was demonstrated to be different 
in healthy patients (low), snorers (intermediate) and 
patients with apnea (high). 

On the basis of this pathophysiology, surgical pro¬ 
cedures firstly focused on intervention at the velopha¬ 
ryngeal level. Uvulopalatoplasty, uvulopalatopharyn- 
goplasty (UPPP), laser-assisted uvulo(palato)plasty 
(LAUP), transpalatal advancement procedure, injec¬ 
tion of a sclerotherapy agent into the soft palate, ra¬ 
diofrequency tissue-volume reduction (RFTVR) of 
the soft palate, cautery-assisted uvulopalatoplasty 
and, finally, soft-palate pillar implantation were ex¬ 
plored and proposed for patients with SRBD. Perhaps 
the number of multiple different procedures available 
reflects the relatively unsatisfactory outcome for a sig- 
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nificant number of patients with SRBD and probably 
means that none represent a perfect solution. 

Additional procedures were developed to address 
areas of the upper airway other than the soft palate. 
Lower pharyngeal airway surgery saw the develop¬ 
ment of genioglossus advancement, hyoid suspension 
or advancement, tongue-base reduction, maxillo¬ 
mandibular advancement and RFTVR of the tongue. 
All these procedures were reserved for patients with 
moderate to severe apneic episodes whose compliance 
with continuous positive airway pressure (CPAP) was 
poor, and were based on different methods of as¬ 
sessing the upper airway both in static and dynam¬ 
ic states. 

Surgery for patients with SRBD should be pro¬ 
posed after the failure of conservative management. 
It should always be remembered that SRBD is a con¬ 
tinuum from primary snoring, to moderate and to 
severe obstructive sleep apnea-hypopnea syndrome 
(OSAHS). Site-specific and less aggressive surgical 
procedures should be proposed for primary snor¬ 
ing, upper-airway resistance syndrome (UARS) and 
patients with mild OSAHS. More aggressive surgical 
procedures should be restricted to patients with mod¬ 
erate to severe OSAHS (Fig. 48.1). 


Site specific -> Diffuse 


Snoring - UARS - Mild - Moderate - Severe 


Less aggressive - > More aggressive 

Fig. 48.1. Current philosophy in the management of the 
sleep-related breathing disorder patient. UARS upper-airway 
resistance syndrome 


Different steps in the development of a new surgical procedure 

i 

Safety and feasibility (animal models) 

l 

Safety and feasibility (Pilot study) 

I 

Cohort study; assessment of effectiveness 

I 

Assessment of side effects and long-term postoperative complications 

Fig. 48.2. Different steps in the development of a new surgical 
procedure 


Before a new surgical procedure can be introduced 
in the clinical area, different steps need to be followed. 
Firstly, safety and feasibility need to be demonstrat¬ 
ed on animal models. Secondly, objective methods of 
assessment of effectiveness are needed. This has been 
particularly difficult for primary snoring, especial¬ 
ly for long-term follow-up, and always required poly- 
somnographic data for patients with OSAHS [20]. Fi¬ 
nally, the side effects and long-term complications of 
the procedure must be considered (Fig. 48.2). 

In this chapter, we will review the general philoso¬ 
phy leading to the different surgical procedures dedi¬ 
cated to patients with SRBD both at the upper and at 
the lower pharyngeal airway level and focus on new 
developments in this area. Conservative treatment, 
medication and CPAP treatment for the management 
of patients with SRBD will not be discussed in this 
chapter. 


Patient Selection 


Clinical examination may identify patients at risk of 
developing obstructive events and has been correlat¬ 
ed with limited success to the presence of OSAHS 
[13, 26, 28]. 

Clinical predictors of OSAHS include [26]: 


Male sex 
Body mass index 
Cephalometric measures 
Interiorly displaced hyoid bone 
Increased neck circumference 
High Mallampati score 


These clinical scores were also related to surgical out¬ 
comes after velopharyngeal surgery. For example, 
Muller’s maneuver, which reflects the potential col¬ 
lapse of the airway during sleep, has a poor predic¬ 
tive value for postoperative successful outcome when 
positive at velopharyngeal level, but has a high predic¬ 
tive value when negative at the retrobasilingual lev¬ 
el [43, 44], 

Single anatomical classification may be useful in 
selecting patients who will respond well to velopha¬ 
ryngeal surgery. It seems that a low modified Mallam¬ 
pati score and a low value in the Friedman scoring 
system (tonsil size plus modified Mallampati score 
plus body mass index) have a high predictive value 
of successful outcome after velopharyngeal surgery in 
patients with SRBD [12,13]. A future challenge in this 
field will probably be to unify these methods for the 
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assessment of upper-airway anatomy in order to im¬ 
prove treatment outcomes. 

Imaging is another promising way to select patients 
for surgery. Cephalometry has gained interest but its 
usefulness is probably restricted to patients with ob¬ 
vious skeletal abnormalities or to those patients with 
particular syndromes. Computed tomography of the 
oropharyngeal cavity was also explored, but magnet¬ 
ic resonance imaging (MRI) will probably lead to bet¬ 
ter staging and to more accurate determination of up¬ 
per-airway obstruction. Imaging techniques are stat¬ 
ic measurements and presumably do not represent the 
dynamic changes in the upper airway during sleep. 
MRI studies need to be further explored not only to 
predict the level of obstruction but also to standardize 
the reporting of postoperative airway changes [23]. 

Sleep or sedated endoscopy may allow the identi¬ 
fication of obstruction and collapse during simulat¬ 
ed sleep when muscle tone is decreased [5]. Although, 
this method has produced valuable information in 
the pathophysiology of SRBD, its clinical application 
in the selection of patients is more questionable espe¬ 
cially for patients with primary snoring, but it may 
help in the decision-making for patients with OSAHS 
with multiple sites of airway obstruction. Clinical as¬ 
sessment and airway evaluation for the surgical treat¬ 
ment of patients with SRBD is thus evolving. The cur¬ 
rent algorithm on the general management of the 
SRBD patient is given in Fig 48.3. 


Upper Pharyngeal Airway Surgery 


Velopharyngeal surgery is the cornerstone of surgical 
management of patients with SRBD, although major 
complications may occur (Fig. 48.4). There are very 
few prospective and randomized trials reported in 
the literature for palatal operations in patients with 
SRBD, and current management is mainly based on 
retrospective data and uncontrolled case series [2, 3, 
7,11,13,16,21, 31,35,37, 39,41,45,47, 51, 54], Recent¬ 
ly, Sundaram et al. [49] with the Cochrane collabora¬ 
tion tried to assess the effects of any type of surgery 
for patients with OSAHS by reviewing the scientific 
literature on this topic. Of the 412 studies, only eight 
met the criteria of randomized controlled trials and 
were therefore included in the review. 

UPPP was first described as a radical surgical pro¬ 
cedure whereby a portion of the soft palate, the uvu¬ 
la and the free edge of the soft palate were removed. If 
tonsillar enlargement is demonstrated, tonsillectomy 
is easily included in the procedure. This procedure is 
mainly proposed for those patients with SRBD with 
a long floppy soft palate, enlarged tonsils and redun¬ 
dant lateral pharyngeal wall. However, patients and 
surgeons should be aware that this procedure causes 
significant discomfort with pharyngeal pain, tran¬ 
sient pharyngonasal leak and carries a risk of hem¬ 
orrhage. Enlargement of the upper airway is not al¬ 
ways achieved as pharyngeal posterior pillar narrow¬ 
ing and even nasopharyngeal stenosis may be present 
[9,10], Finally, UPPP as a sole procedure for the treat- 



Fig 48.3. General algorithm in the management of the sleep-related breathing disorder ( SRDB ) patient. nCPAP nasal continu¬ 
ous positive airway pressure 
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ment of patients with OSAHS has an overall success 
rate of approximately 40% [40], For patients with pri¬ 
mary snoring, the success rate is higher, although 
snoring may to some degree recur over time [27, 50]. 
An uvulopalatal flap was considered as an alternative 
procedure to pharyngeal reconstruction to reduce the 
risk of nasopharyngeal insufficiency and postopera¬ 
tive pharyngeal pain [41], Patients with a long uvula 
or a thick palate are not good candidates for this tech¬ 
nique. Transpalatal advancement pharyngoplasty has 
been proposed as an alternative to UPPP [57], 

For these reasons, the evolution of velopharyngeal 
surgery for patients with SRBD has led surgeons to 
use less radical procedures with less removal of tissue 
and with the intention of inducing stiffening or scar¬ 
ring of the soft palate. LAUP was introduced in 1990 
as a new approach to the treatment of patients with 
SRBD and has gained interest mainly because it is a 


clinic-based surgical procedure, which can be done 
under local anesthesia. Improvement rates and post¬ 
operative pharyngeal pain were in the same range as 
for UPPP or the uvulopalatal flap [7, 50, 53-55], 

In 1997, RFTVR was introduced in animal mod¬ 
els and in 1998 in patients with SRBD [38, 40]. The 
main advantages of this technique are a more accu¬ 
rate, minimally invasive and less morbid procedure 
without compromising treatment efficacy [1-3,11,18, 
47, 56], Delivering-energy electrodes are introduced 
into the soft palate in order to bring about RFTVR 
by applying low-heat energy. Many different methods 
exist depending on the type of generator, the num¬ 
ber of lesions in the soft palate and the number of ses¬ 
sions. This technique allows the treatment of other 
segments of the upper airway such as the turbinates 
and the base of the tongue during the same proce¬ 
dure. Side effects and complications were shown to be 



Fig. 48.4. Postoperative velopharyngeal pictures a After ryngoplasty with significant narrowing of the posterior pillar, 
uvulopalatopharyngoplasty and tonsillectomy, b After radio- d After uvulopalatopharyngoplasty with nasopharyngeal ste- 
frequency tissue-volume reduction, c After uvulopalatopha- nosis 
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minimal and the results for snoring and OSAHS were 
shown to be similar to those for other procedures 
[22], TCRVF is now frequently called radiofrequency 
interstitial thermotherapy technique (RFITT), elim¬ 
inating the notion of true volumetric tissue reduc¬ 
tion, which is difficult to demonstrate in MRI stud¬ 
ies. A randomized, placebo-controlled trial on radio¬ 
frequency surgery of the soft palate in the treatment 
of snoring showed that this treatment was effective in 
reducing snoring, but only to a moderate degree [47], 
Radiofrequency techniques are probably limited to 
the treatment of primary snoring and patients with 
mild OSAHS, but may be included in a multilevel sur¬ 
gical approach for patients with SRBD. 

More recently, palatal implants were used to in¬ 
crease the rigidity of the soft palate and subsequent¬ 
ly to reduce snoring [17, 29, 30, 33, 45], Three pala¬ 
tal implants [polyethylene terephthalate)] are usual¬ 
ly inserted in the soft palate. The advantages of palatal 
implants include minimal tissue injury and low mor¬ 
bidity in a simple one-stage procedure. Postoperative 
pharyngeal pain is very low and snoring intensity as 
evaluated by the patients and their bed partners was 
significantly improved. Extrusion of palatal implants 
may occur, especially with implants with higher ri¬ 
gidity [45], This technique seems to have a limited fu¬ 
ture in the management of patients with OSAHS. 

Velopharyngeal surgery is in permanent evolution. 
Over the 40 last years of development, the morbidi¬ 
ty of patients undergoing velopharyngeal procedures 
was reduced without jeopardizing final outcomes. 
However, newer velopharyngeal surgical techniques 
did not improve outcomes compared with older tech¬ 
niques, with a few of them such as LAUP or RFTVR 
leading to less satisfactory results when compared 
with standard UPPP. Velopharyngeal surgery may 
be indicated for the management of snoring, select¬ 
ed cases or UARS and patients with mild OSAHS. Ve¬ 
lopharyngeal surgery is sufficient alone only in a very 
few cases of moderate to severe OSAHS and should 
be included in a multilevel surgical approach in these 
patients. 


Lower Pharyngeal Airway Surgery 


Clinical evaluation, sleep nasendoscopy and surgi¬ 
cal failures after velopharyngeal procedures have un¬ 
derlined the importance of the retrobasilingual area 
in the pathophysiology and management of SRBD. 
The primary aims of these techniques are to reduce 
the tongue size and increase the retrolingual space. 
RFTVR was used to reduce the size of the tongue as 
a single procedure utilizing intraoral or external ap¬ 
proaches [22, 46, 48], The preference is to use the in¬ 
traoral dorsal approach since it limits the incidence of 


postoperative complications. The base of the tongue 
was also addressed with genioglossus advancement 
and the hyoid myotomy with suspension procedure 
[4, 8, 36, 58]. Clinical outcomes of these two proce¬ 
dures were mainly studied in combination with other 
procedures as part of a multilevel surgical approach 
of the upper airway. Efficacy was demonstrated and 
the current algorithm for the management of patients 
with SRBD includes these procedures. 

Genioglossus advancement and hyoid myotomy 
with suspension are used for patients with OSAHS 
as a first-line treatment or after failure of a velopha¬ 
ryngeal procedure [4, 8, 32], Use of these procedures 
as a primary therapy was shown to be successful [8]. 
Tongue-base resection with hyoid suspension is an¬ 
other technique for patients with moderate to severe 
apnea who are not compliant with and/or tolerant of 
CPAP treatment [6], 

Maxillomandibular advancement is the ultimate 
treatment to increase airway space for the relief of 
SRBD. The use of maxillomandibular advancement 
as a first-line treatment is usually not recommended 
and is reserved for patients who demonstrate failure 
of more conservative treatment or for patients with 
craniofacial anomalies [14, 24, 25]. 

Tongue-suspension devices are now being devel¬ 
oped which fix the base of the tongue anteriorly by 
means of a limited incision in the floor of the mouth 
[52], This procedure is minimally invasive and is de¬ 
signed to increase the posterior pharyngeal space at 
the retrobasilingual level. A suspension suture an¬ 
chored intraorally at the mandible is usually passed 
submucosally through the body of the tongue with 
adjustment of suture tightness. Although this meth¬ 
od was demonstrated to have a positive effect on 
sleep parameters, the gain in the posterior airway 
passage is rarely more than 2 mm [23], A prospec¬ 
tive randomized trial of two different tongue-base 
surgical procedures for patients with SRBD showed 
slightly better efficacy for tongue suspension com¬ 
pared with tongue advancement with mandibular 
osteotomy [51], New developments will certainly fo¬ 
cus on the minimally invasive aspect of tongue sus¬ 
pension devices. 


Multilevel Approach 

and Perioperative Management 


Multilevel approach surgery is defined as a group of 
surgical procedures which address different levels 
of obstruction in the upper airways of patients with 
SRBD. A multilevel procedure may be performed in 
one stage or in multiple stages. Multilevel surgery 
may be associated with other nonsurgical treatment 
and thus it may be incorporated as a multiple modal- 
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ity approach. Minimally invasive techniques such as 
LAUP without transpalatal section, RFVTR or pal¬ 
atal implants may also be performed with multilev¬ 
el airway surgery. At the retrobasilingual level, mini¬ 
mally invasive techniques are restricted to RFVTR or 
tongue-base suspension devices. UPPP, uvulopalatal 
flap and LAUP with transpalatal section are the in¬ 
vasive techniques considered for the velopharyngeal 
level. Techniques other than RFVTR and tongue-base 
suspension devices, which require an external ap¬ 
proach, should be considered as invasive techniques 

Table 48.1. Upper- airway pharyngeal surgery 

Minimally invasive techniques 

- Radiofrequency tissue-volume reduction or 
radiofrequency interstitial thermotherapy 

- Laser-assisted uvulopalatoplasty 
without transpalatal section 

- Palatal (pillar) implant 

Others techniques 

- Laser-assisted uvulopalatoplasty with transpalatal section 

- Uvulopalatopharyngoplasty 

- Uvulopalatal flap 

- Transpalatal advancement pharyngoplasty 


for the lower pharyngeal level (Table 48.1). Patients 
with moderate to severe apnea are usually treated 
with CPAP therapy and undergo invasive surgical 
procedures if they have poor compliance and/or are 
intolerant to CPAP treatment. Using a multilevel sur¬ 
gical approach for these patients results in higher suc¬ 
cess rate. Whether this multilevel approach should 
be based on radiological evaluation, such as dynamic 
MRI, or proposed with a “why not?” philosophy is not 
yet resolved in the literature. 

Combinations of different surgical procedures 
(site-specific and multilevel) in patients with SRDB 
are listed in Table 48.2. 

As a multilevel approach is proposed increasing¬ 
ly for patients with SRBD, the perioperative manage¬ 
ment is sometimes complex. If surgery is performed 
under general anesthesia with endotracheal intuba¬ 
tion, the endotracheal tube may impede the ability of 
the surgeon to address certain anatomic areas, such 
as when performing RFTVR of the tongue base. A 
promising way to achieve better outcomes with such 
upper-airway procedures may be using general anes¬ 
thesia without endotracheal intubation. Percutaneous 
transtracheal jet ventilation may be appropriate and 
is used in patients where difficulty in the management 
of their airway is anticipated [15]. 


Table 48.2. Combinations of different surgical procedures (site-specific or multilevel) dedicated to the sleep related breathing 
disorder patient 



Upper 

pharyngeal 

airway 

surgery 

(minimally 

invasive) 

Upper (Sinu)nasal 

pharyngeal surgery 

airway 
surgery 

Lower 

pharyngeal 

airway 

surgery 

(minimally 

invasive) 

Lower Maxillo- 

pharyngeal mandibular 

airway advance- 

surgery ment 

Snoring 





UARS 

Mild OSAHS 


X 



X 

X 




X 

X 

X 



X 


X 


Moderate to severe 


X 



OSAHS 


X X 





X 


X 



X X 


X 



X X 

X 




X 

X 




X 

X 

X 





X 

Tonsillectomy or tonsil < 

iize reduction m 

ust be performed in the case of tonsil hypertrophy. 



UARS upper-airway resistance syndrome, OSAHS obstructive sleep apnea-hypopnea syndrome 
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ilation 


Contraction of the genioglossus was shown to im¬ 
prove airway patency. Electrical stimulation of the 
hypoglossal nerve may therefore dilate the orophar¬ 
ynx through the contraction of this muscle. A few tri¬ 
als were recently completed on patients with OSAHS 
to evaluate electrical stimulation of the hypoglossal 
nerve with implanted electrodes [19, 34], Although 
the early results are encouraging, this technique re¬ 
quires further development before it becomes widely 
available. Moreover, technical problems such as elec¬ 
trode breakdown have delayed the development and 
application of this technique. 


Conclusion 


- V 

Patients with SRBD range from those with prima¬ 
ry snoring to those with severe OSAHS. It is not 
clear yet if surgical treatment should be based on 
clinical or imaging evaluation, or on polysomno- 
graphic data. Improved patient selection should 
lead to more satisfactory outcomes for all these 
patients; however, objective evaluation with ran¬ 
domized controlled trials is lacking. Novel ways 
to manage these patients may be simple, such as 
a recent effort to demonstrate a significant posi¬ 
tive effect of playing the didgeridoo (an Austra¬ 
lian Aboriginal musical instrument) in patients 
with OSAHS [42], or more complicated multilev¬ 
el airway surgery. None of the currently available 
surgical treatments have an extremely high suc¬ 
cess rate in patients with SRBD, and proper pa¬ 
tient surgery selection criteria must be included 
in the decision-making process. In the future, a 
combination of different minimally invasive pro¬ 
cedures, thus avoiding more invasive and aggres¬ 
sive surgical techniques, would certainly be a 
promising way of managing patients with SRBD. 
Otorhinolaryngologists should always remem¬ 
ber that management of patients with SRBD re¬ 
quires a multidisciplinary approach and that sur¬ 
gery is offered when more conservative manage¬ 
ment fails. 
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Underlay bone grafts 141 
underlay graft 145 


unilateral “polyposis” 130 
Upper-airway sensation 263 
upper lip splitting 226 
UPPP 310, 323, 327, 328, 345,392,409 

- complications 392 

- Conservative UPPP 386 

- conservative UPPP 327 

- uvulopalatopharyngoplasty 
(UPPP) 391 

uvulopalatal flap 310,422 

- Complications 314 

V 

vascularized periosteum 225 
vascular pedicle 136 
velar webbing 324 
Velopharyngeal insufficiency 392 
velopharyngeal insufficiency 329,335, 
345, 392, 410 

Velopharyngeal surgery 421 
velopharynx 266 
ventilated frontal sinus 90 
ventriculoperitoneal shunt 146 
vertical basal lamella 106 
Video sleep nasendoscopy 262 
vidian canal 179 

W 

waist circumference 257 

Y 

Y-shaped nasal septal attachment 237 
Y-shaped septum 238 

Z 

Z-palatoplasty 332 

Z-plastics 327 

Z-plasty pharyngoplasty 410 


